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(54) Optical signal repeating and amplifying device and optical level adjusting device 



(57) Disclosed is an optical signal repeating and 
amplifying device which has: an optical amplifier which 
amplifies an optical signal to be input thereto and then 
outputs it; and an optical filter means through which only 
one wavelength light of the optical signal to be output 
from the optical amplifier is passed. Also disclosed is an 
optical level adjusting device which has: an optical 
demultiplexer which demultiplexes a wavelength-multi- 
plexed optical signal into a plurality of wavelength lights; 



a plurality of optical attenuators which attenuate sepa- 
rately the demultiplexed plurality of wavelength lights to 
be output from the optical demultiplexer; and an optical 
multiplexer which multiplexes the attenuated wave- 
length lights to be output from the plurality of optical 
attenuators into a wavelength-multiplexed optical signal 
and output it. 
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Description 

FIELD OF THE INVENTION 

[0001] This invention relates to an optical signal 
repeating and amplifying device and an optical level 
adjusting device which are applied to the optical WDM 
transmission. 

BACKGROUND QF THE INVENTION 

[0002] The optical WDM transmission system that 
optical signals with different wavelengths are transmit- 
ted in the lump through one optical fiber allows a large- 
capacity optical transmission. In particular, owing to the 
development of high-gain and high-power optical ampli- 
fiers, such as an erbium-doped optical fiber amplifier, a 
long-distance and large-capacity optical transmission 
can be realized. In repeating optical signals in the opti- 
cal transmission, to amplify the optical signals unal- 
teredly without converting into electrical signals can 
contribute effectively to the miniaturization of repeating 
station, thereby reducing the cost of transmission. At 
present, to realize a further long-distance optical trans- 
mission by using a multiple-stage optical repeating and 
amplifying has been expected. 
[0003] However, conventional optical signal repeating 
and amplifying device and optical level adjusting device 
have some problems described below. 
[0004] First, due to the limitation on output power of 
optical amplifier, the optical power per one wave is lim- 
ited when the number of optical signals multiplexed is 
increased. Thereby the transmission distance is also 
limited to be short. 

[0005] Second, with an increase in the number of 
repeating amplifiers, the difference in optical level 
between wavelengths due to the gain deviation of opti- 
cal amplifier is increased and an ASE noise generated 
from optical amplifier is also increased. Thereby the 
reception sensitivity must be reduced. Further, in con- 
necting multiple-stage optical amplifiers, the optical 
level may be greatly different between wavelengths 
because optical amplifiers have different gains depend- 
ing on wavelength. 

SUMMARY OF THE INVENTION 

[0006] Accordingly, it is an object of the invention to 
provide an optical signal repeating and amplifying 
device that the reception sensitivity can be enhanced by 
removing an ASE noise, the total optical intensity of 
optical signals to be output after wavelength-multiplex- 
ing can be increased, and the level of wavelength lights 
in WDM optical signal can be equalized. 
[0007] It is a further object of the invention to provide 
an optical level adjusting device that the optical level of 
each wavelength can be adjusted into an arbitrary 
value. 



[0008] According to the invention, an optical signal 
repeating and amplifying device, comprises: 

an optical amplifier which amplifies an optical signal 
5 to be input thereto and then outputs it; and 

an optical filter means through which only one 
wavelength light of the optical signal to be output 
from the optical amplifier is passed. 

10 [0009] According to another aspect of the invention, 
an optical signal repeating and amplifying device, com- 
prises: 

a first optical demultiplexer-multiplexer which 
15 demultiplexes a wavelength-multiplexed optical sig- 
nal into a plurality of wavelength lights; 
a plurality of optical transmission lines through 
which the plurality of wavelength lights from the first 
optical demultiplexer-multiplexer are separately 
20 transmitted; and 

a second optical demultiplexer-multiplexer which 
multiplexes the optical signals transmitted through 
the plurality of optical transmission lines into a 
wavelength-multiplexed optical signal and outputs 
25 it. 

[0010] According to another aspect of the invention, 
an optical signal repeating and amplifying device, com- 
prises: 

30 \ 

an optical circulator through which a wavelength- 
multiplexed optical signal to be input to the input 
port is output from the input-output port and a 
wavelength-multiplexed optical signal to be input to 

35 the input-output port is output from the output port; 
an optical demultiplexer-multiplexer which demulti- 
plexes the wavelength-multiplexed optical signal 
from the optical circulator into a plurality of wave- 
length lights and multiplexes a plurality of wave- 

40 length lights into a wavelength-multiplexed optical 
signal; 

a plurality of optical transmission lines through 
which the demultiplexed plurality of wavelength 
lights to be output from the optical demultiplexer- 
45 multiplexer are separately transmitted; and 

a plurality of optical reflecting mirrors which reflect 
separately the demultiplexed plurality of wavelength 
lights transmitted through the plurality of optical 
transmission lines to turn them back. 

50 

[001 1 ] According to another aspect of the invention, 
an optical signal repeating and amplifying device, com- 
prises: 

55 an optical demultiplexer-multiplexer which demulti- 
plexes a wavelength-multiplexed optical signal into 
a plurality of wavelength lights and multiplexes a 
plurality of wavelength lights into a wavelength-mul- 



2 



3 



EP 0 959 577 A2 



4 



tiplexed optical signal; 

a plurality of optical transmission lines through 
which the demultiplexed plurality of wavelength 
lights to be output from the optical demultiplexer- 
multiplexer are separately transmitted; and 
an optical dividing and coupling means through 
which each of the plurality of wavelength lights 
transmitted through each of the plurality of optical 
transmission lines is re-input to the optical demulti- 
plexer-multiplexer while by-passing a different one 
of the optical transmission lines without overlapping 
with another wavelength light. 

[0012] According to another aspect of the invention, 
an optical signal repeating and amplifying device, com- 
prises: 

a first optical demultiplexer-multiplexer which 
demultiplexes a wavelength-multiplexed optical sig- 
nal into a plurality of wavelength lights; 
a plurality of optical filters through which the plural- 
ity of wavelength lights from the first optical demul- 
tiplexer-multiplexer are separately passed; and 
a second optical demultiplexer-multiplexer which 
multiplexes the optical signals passed through the 
plurality of optical filters into a wavelength-multi- 
plexed optical signal and outputs it. 

[0013] According to another aspect of the invention, 
an optical signal repeating and amplifying device, com- 
prises: 

an optical divider which divides a wavelength-multi- 
plexed optical signal into a plurality of lights; 
a plurality of optical filters through which the plural- 
ity of wavelength lights from the optical divider are 
separately passed; and 

an optical coupler which couples the optical signals 
passed through the plurality of optical filters into a 
wavelength-multiplexed optical signal and outputs 
it. 

[0014] According to another aspect of the invention, 
an optical signal repeating and amplifying device, com- 
prises: 

an optical circulator through which a wavelength- 
multiplexed optical signal to be input to the input 
port is output from the input-output port and a 
wavelength-multiplexed optical signal to be input to 
the input-output port is output from the output port; 
an optical demultiplexer-multiplexer which demulti- 
plexes the wavelength-multiplexed optical signal 
from the optical circulator into a plurality of wave- 
length lights and multiplexes a plurality of wave- 
length lights into a wavelength-multiplexed optical 
signal; 

a plurality of optical filters through which the demul- 



tiplexed plurality of wavelength lights to be output 
from the optical demultiplexer-multiplexer are sepa- 
rately passed; and 

a plurality of optical reflecting mirrors which reflect 
5 separately the demultiplexed plurality of wavelength 
lights passed through the plurality of optical filters to 
turn them back. 

[001 5] According to another aspect of the invention, 
w an optical signal repeating and amplifying device, com- 
prises: 

an optical circulator through which a wavelength- 
multiplexed optical signal to be input to the input 

is port is output from the input-output port and a 
wavelength-multiplexed optical signal to be input to 
the input-output port is output from the output port; 
an optical divider-coupler which divides the wave- 
length-multiplexed optical signal from the optical 

20 circulator into a plurality of lights and couples a plu- 
rality of lights into a wavelength-multiplexed optical 
signal; 

a plurality of optical filters through which the divided 
plurality of lights to be output from the optical 
25 divider-coupler are separately passed; and 

a plurality of optical reflecting mirrors which reflect 
separately the divided plurality of lights passed 
through the plurality of optical filters to turn them 
back. 

30 

[0016] According to another aspect of the invention, 
an optical signal repeating and amplifying device, com- 
prises: 

35 an optical divider-coupler which divides the wave- 
length-multiplexed optical signal from the optical 
circulator into a plurality of lights and couples a plu- 
rality of lights into a wavelength-multiplexed optical 
signal; 

40 a plurality of optical transmission lines which the 
divided plurality of lights to be output from the opti- 
cal divider-coupler are separately transmitted; 
a plurality of optical filters through which the divided 
plurality of lights from the plurality of optical trans- 

45 mission lines are separately passed; and 

an optical dividing and coupling means through 
which each of the plurality of lights passed through 
each of the plurality of optical filters is re-input to the 
optical divider-coupler while by-passing a different 

so one of the optical transmission lines without over- 
lapping with another light. 

[0017] According to another aspect of the invention, 
an optical level adjusting device, comprises: 

55 

an optical demultiplexer which demultiplexes a 
wavelength-multiplexed optical signal into a plural- 
ity of wavelength lights; 
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a plurality of optical attenuators which attenuate 
separately the demultiplexed plurality of wavelength 
lights to be output from the optical demultiplexer; 
and 

an optical multiplexer which multiplexes the attenu- 
ated wavelength lights to be output from the plural- 
ity of optical attenuators into a wavelength- 
multiplexed optical signal and output it 

[0018] According to another aspect of the invention, 
an optical level adjusting device, comprises: 

an optical circulator through which a wavelength- 
multiplexed optical signal to be input to the input 
port is output from the input-output port and a 
wavelength-multiplexed optical signal to be input to 
the input-output port is output from the output port; 
an optical demultiplexer-multiplexer which demulti- 
plexes the wavelength-multiplexed optical signal 
from the optical circulator into a plurality of wave- 
length lights and multiplexes a plurality of wave- 
length lights into a wavelength-multiplexed optical 
signal; 

a plurality of optical attenuators which attenuate 
separately the demultiplexed plurality of wavelength 
lights to be output from the optical demultiplexer- 
multiplexer; and 

a plurality of optical reflecting mirrors which reflect 
separately the attenuated plurality of wavelength 
lights passed through the plurality of optical attenu- 
ators to turn them back through the plurality of opti- 
cal attenuators to the optical demultiplexer- 
multiplexer. 

[0019] According to another aspect of the invention, 
an optical level adjusting device, comprises: 

an optical demultiplexer-multiplexer which demulti- 
plexes a wavelength-multiplexed optical signal into 
a plurality of wavelength lights and multiplexes a 
plurality of wavelength lights into a wavelength-mul- 
tiplexed optical signal; 

a plurality of optical transmission lines through 
which the demultiplexed plurality of wavelength 
lights to be output from the optical demultiplexer- 
multiplexer are separately transmitted; 
an optical dividing and coupling means through 
which each of the plurality of wavelength lights 
transmitted through each of the plurality of optical 
transmission lines is re-input to the optical demulti- 
plexer-multiplexer while by-passing a different one 
of the optical transmission lines without overlapping 
with another wavelength light; and 
a plurality of optical attenuators which are disposed 
between any two of the optical transmission lines to 
attenuate separately the demultiplexed plurality of 
wavelength lights to be transmitted therebetween. 



[0020] According to another aspect of the invention, 
an optical signal repeating and amplifying device, com- 
prises: 

5 a first optical demultiplexer-multiplexer which 
demultiplexes a wavelength-multiplexed optical sig- 
nal to be input thereto into a plurality of different 
wavelength lights; 

a plurality of optical amplifiers which amplify sepa- 
10 rately the demultiplexed plurality of different wave- 
length lights; and 

a second optical demultiplexer-multiplexer which 
multiplexes the amplified wavelength lights to be 
output from the plurality of optical amplifiers into a 
is wavelength-multiplexed optical signal. 

[0021] According to another aspect of the invention, 
an optical signal repeating and amplifying device, com- 
prises: 

20 

an optical circulator through which a wavelength- 
multiplexed optical signal to be input to the input 
port is output from the input-output port and a 
wavelength-multiplexed optical signal to be input to 

25 the input-output port is output from the output port; 
an optical demultiplexer-multiplexer which demulti- 
plexes the wavelength-multiplexed optical signal 
from the optical circulator into a plurality of wave- 
length lights and multiplexes a plurality of wave- 

30 length lights into a wavelength-multiplexed optical 
signal; 

a plurality of optical amplifiers which amplify sepa- 
rately the demultiplexed plurality of different wave- 
length lights to be output from the optical 

35 demultiplexer-multiplexer; and 

a plurality of optical reflecting mirrors which reflect 
separately the plurality of wavelength lights to be 
output from the plurality of optical amplifiers to turn 
them back through the plurality of optical amplifiers 

40 to the optical demultiplexer-multiplexer. 

[0022] According to another aspect of the invention, 
an optical signal repeating and amplifying device, com- 
prises: 

45 

an optical demultiplexer-multiplexer which demulti- 
plexes the wavelength-multiplexed optical signal to 
be input thereto into a plurality of wavelength lights 
and multiplexes a plurality of wavelength lights into 
so a wavelength-multiplexed optical signal; 

a plurality of first optical transmission lines which 
are connected with the input-output ports on the 
demultiplex side of the optical demultiplexer-multi- 
plexer; 

55 a plurality of optical divider-couplers which are con- 
nected to the ends of the plurality of first optical 
transmission lines; 

a plurality of second optical transmission lines 
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which connect between different two of the plurality 
of optical divider-couplers, the connecting not to be 
in parallel to another connecting; and 
a plurality of bi-directional optical amplifiers which 
are inserted into the plurality of second optical 
transmission lines and amplify an optical signal to 
transmit therethrough. 

[0023] According to another aspect of the invention, 
an optical level adjusting device, comprises: 

a first optical demultiplexer-multiplexer which 
demultiplexes a wavelength-multiplexed optical sig- 
nal to be input thereto into a plurality of different 
wavelength lights; 

a plurality of optical amplifiers which amplify sepa- 
rately the demultiplexed plurality of different wave- 
length lights; and 

a second optical demultiplexer-multiplexer which 
multiplexes the amplified wavelength lights to be 
output from the plurality of optical amplifiers into a 
wavelength-multiplexed optical signal; and 
means for controlling separately the gain of the plu- 
rality of optical amplifiers. 

[0024] According to another aspect of the invention, 
an optical level adjusting device, comprises: 

an optical circulator through which a wavelength- 
multiplexed optical signal to be input to the input 
port is output from the input-output port and a 
wavelength-multiplexed optical signal to be input to 
the input-output port is output from the output port; 
an optical demultiplexer-multiplexer which demulti- 
plexes the wavelength-multiplexed optical signal 
from the optical circulator into a plurality of wave- 
length lights and multiplexes a plurality of wave- 
length lights into a wavelength-multiplexed optical 
signal; 

a plurality of bi-directional optical amplifiers which 
amplify separately the demultiplexed plurality of dif- 
ferent wavelength lights to be output from the opti- 
cal demultiplexer-multiplexer; 
a plurality of optical reflecting mirrors which reflect 
separately the plurality of wavelength lights to be 
output from the plurality of optical amplifiers to turn 
them back through the plurality of optical amplifiers 
to the optical demultiplexer-multiplexer, 
means for controlling separately either the gain of 
the plurality of optical amplifiers or the reflectivity of 
the plurality of optical reflecting mirrors. 

[0025] According to another aspect of the invention, 
an optical level adjusting device, comprises: 

an optical demultiplexer-multiplexer which demulti- 
plexes the wavelength-multiplexed optical signal to 
be input thereto into a plurality of wavelength lights 



and multiplexes a plurality of wavelength lights into 
a wavelength-multiplexed optical signal; 
a plurality of first optical transmission lines which 
are connected with the input-output ports on the 
s demultiplex side of the optical demultiplexer-multi- 
plexer; 

a plurality of optical divider-couplers which are con- 
nected to the ends of the plurality of first optical 
transmission lines; 

10 a plurality of second optical transmission lines 
which connect between different two of the plurality 
of optical divider-couplers, the connecting not to be 
in parallel to another connecting; 
a plurality of bi-directional optical amplifiers which 

15 are inserted into the plurality of second optical 
transmission lines and amplify an optical signal to 
transmit therethrough; and 
means for controlling separately the gain of the plu- 
rality of bi-directional optical amplifiers. 

20 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0026] The invention will be explained in more detail in 
conjunction with the appended drawings, wherein: 

25 

FIG.1 is a block diagram showing an optical signal 
repeating and amplifying device in a first preferred 
embodiment according to the invention, 
FIG.2 is a block diagram showing an optical signal 

30 repeating and amplifying device in a second pre- 
ferred embodiment according to the invention, 
FIG.3 is a block diagram showing an optical signal 
repeating and amplifying device in a third preferred 
embodiment according to the invention, 

35 FIG.4 is a block diagram showing an optical signal 
repeating and amplifying device in a fourth pre- 
ferred embodiment according to the invention, 
FIG.5 is a block diagram showing an optical signal 
repeating and amplifying device in a fifth preferred 

40 embodiment according to the invention, 

FIG.6 is a block diagram showing an optical signal 
repeating and amplifying device in a sixth preferred 
embodiment according to the invention, 
FIG.7 is a block diagram showing an optical signal 

45 repeating and amplifying device in a seventh pre- 
ferred embodiment according to the invention, 
FIG.8 is a block diagram showing an optical signal 
repeating and amplifying device in an eighth sec- 
ond preferred embodiment according to the inven- 

so tion, 

FIG.9 is a block diagram showing an optical signal 
repeating and amplifying device in a ninth preferred 
embodiment according to the invention, 
FIG. 10 is a block diagram showing an optical signal 

55 repeating and amplifying device in a tenth preferred 
embodiment according to the invention, 
FIG. 11 is a block diagram showing an optical signal 
repeating and amplifying device in an eleventh pre- 
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ferred embodiment according to the invention, 
FIG. 12 is a block diagram showing an optical signal 
repeating and amplifying device in a twelfth pre- 
ferred embodiment according to the invention, 
FIG. 13 is a block diagram showing an optical s 
demultiplexer 120 used in the above embodiments, 
FIG. 14 is a block diagram showing an optical multi- 
plexer 140 used in the above embodiments. 
FIG.15 is a block diagram showing an optical signal 
repeating and amplifying device in a thirteenth pre- 10 
ferred embodiment according to the invention, 
FIG. 16 is a block diagram showing an optical signal 
repeating and amplifying device in a fourteenth pre- 
ferred embodiment according to the invention, 
FIG. 17 is a block diagram showing an optical signal 15 
repeating and amplifying device in a fifteenth pre- 
ferred embodiment according to the invention, 
FIG. 18 is a block diagram showing an optical signal 
repeating and amplifying device in a sixteenth pre- 
ferred embodiment according to the invention, 20 
FIG. 19 is a block diagram showing an optical signal 
repeating and amplifying device in a seventeenth 
preferred embodiment according to the invention, 
FIG.20 is a block diagram showing an optical signal 
repeating and amplifying device in an eighteenth 25 
second preferred embodiment according to the 
invention, 

FIG.21 is a block diagram showing an optical signal 
repeating and amplifying device in a nineteenth 
preferred embodiment according to the invention. 30 
FIG.22 is a block diagram showing an optical signal 
repeating and amplifying device in a twentieth pre- 
ferred embodiment according to the invention, 
FIG.23 is a block diagram showing an optical level 
adjusting device in a first preferred embodiment 35 
according to the invention, 
FIG.24 is a block diagram showing an optical level 
adjusting device in a second preferred embodiment 
according to the invention, 

FIG. 25 is a block diagram showing an optical level 40 
adjusting device in a third preferred embodiment 
according to the invention, 
FIG.26 is a block diagram showing an optical signal 
repeating and amplifying device in a twenty-first 
preferred embodiment according to the invention, 45 
FIG.27 is a block diagram showing an optical signal 
repeating and amplifying device in a twenty-second 
preferred embodiment according to the invention, 
FIG.28 is a block diagram showing an optical signal 
repeating and amplifying device in a twenty-third so 
preferred embodiment according to the invention, 
FIG.29 is a block diagram showing an optical signal 
repeating and amplifying device in a twenty-fourth 
second preferred embodiment according to the 
invention, 55 
FIG.30 is a block diagram showing an optical signal 
repeating and amplifying device in a twenty-fifth 
preferred embodiment according to the invention, 



FIG.31 is a block diagram showing an optical signal 

repeating and amplifying device in a twenty-sixth 

preferred embodiment according to the invention, 

FIG.32 is a block diagram showing an optical level 

adjusting device in a fourth preferred embodiment 

according to the invention. 

FIG.33 is a block diagram showing an optical level 

adjusting device in a fifth preferred embodiment 

according to the invention, 

FIG.34 is a block diagram showing an optical level 

adjusting device in a sixth preferred embodiment 

according to the invention, 

FIG.35 is a block diagram showing an optical level 

adjusting device in a seventh preferred embodiment 

according to the invention, 

FIG.36 is a block diagram showing an optical level 

adjusting device in an eighth preferred embodiment 

according to the invention, 

FIG.37 is a block diagram showing an optical level 

adjusting device in a ninth preferred embodiment 

according to the invention, and 

FIG.38 is a block diagram showing an optical level 

adjusting device in a tenth preferred embodiment 

according to the invention. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

[0027] An optical signal repeating and amplifying 
device in the first preferred embodiment will be 
explained in FIG.1. 

[0028] In the first embodiment, optical signals with 
four different wavelengths (for example, A,1=1548nm, 
A2=1550nm, X3=1552nm and A.4=1554nm, hereinafter 
these wavelengths are also used commonly in the other 
embodiments unless they are specified otherwise) are 
wavelength-multiplexed and transmitted through an 
optical transmission line 1 01 . The optical transmission 
line 1 01 is connected to an optical amplifier 110, and the 
optical amplifier 110 is connected to an optical demulti- 
plexer 120. The optical demultiplexer 120, which is typi- 
cally an array waveguide diffraction grating type optical 
demultiplexer, demultiplexes the multiplexed optical sig- 
nal into optical signals, each of which having either of 
the different wavelengths as a center signal-pass band. 
Further, optical transmission lines 131, 132, 133 and 
134 as optical transmitting means are connected to the 
four output ports of the optical demultiplexer 120, and 
the ends of the optical transmission lines 131 to 134 are 
connected to an optical multiplexer 140 for multiplexing 
optical signals to be transmitted through the optical 
transmission lines 131 to 134. An optical transmission 
line 102 is connected to the output port of the optical 
multiplexer 140. 

[0029] As the optical amplifier 1 10, a semiconductor 
optical amplifier or a impurity-doped optical fiber ampli- 
fier is suitably used. In particular, a rare-earth-element- 
doped optical fiber amplifier, such as an erbium-doped 
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optical fiber amplifier, a neodymium-doped optical fiber 
amplifier and a praseodymium-doped optical fiber 
amplifier, is desirably used. Also, as the optical demulti- 
plexer 120 and optical multiplexer 140, an optical 
demultiplexer-multiplexer in the narrow sense may be 
used other than an array waveguide diffraction grating 
type. 

[0030] In operation, an optical signal supplied through 
the optical transmission line 101 is amplified by the opti- 
cal amplifier 110, then demultiplexed into the respective 
wavelength lights (M to A.4) by the optical demultiplexer 
120, output to the respective optical transmission lines 
131 to 134. In the optical demultiplexer 120 having an 
optical filter function, an ASE(amplitude spontaneous 
emission) noise from the optical amplifier 110 and an 
optical signal with a wavelength other than the above 
four wavelengths (M to A,4) are removed. Therefore, 
only an optical signal with a single wavelength is passed 
through each of the optical transmission lines 131 to 
134. The optical signals passed through the optical 
transmission lines 131 to 134 are multiplexed by the 
optical multiplexer 140, then output as a wavelength- 
multiplexed optical signal to the optical transmission line 
102. 

[0031] In the optical signal repeating and amplifying 
device in FIG.1, the noise component of the wave- 
length-multiplexed optical signal to be output becomes 
very small. Therefore, the amount of a reduction in 
reception sensitivity after the transmission can be signif- 
icantly improved. Due to this, the repeating distance can 
be elongated, thereby reducing the cost of optical trans- 
mission. Also, the optical signal is, as it is, repeated 
without converting into an electrical signal. Therefore, 
the repeating installation can be simplified and the cost 
can be reduced thus much. 

[0032] Further, the optical transmission property (opti- 
cal filter function) with a narrow band width can be 
obtained by using an array waveguide diffraction grating 
as the optical demultiplexer 120 and optical multiplexer 
140. Therefore, a high-density wavelength-multiplexed 
optical signal can be demultiplexed or multiplexed. Also, 
due to the applicability to high-density wavelength-mul- 
tiplexed optical signal, the cost of optical transmission 
can be greatly reduced and the temperature control can 
be easily conducted. 

[0033] An optical signal repeating and amplifying 
device in the second preferred embodiment will be 
explained in FIG.2, wherein like parts are indicated by 
like reference numerals as used in FIG.1 . 
[0034] In the second embodiment, optical signals with 
the four different wavelengths are wavelength-multi- 
plexed and transmitted through the optical transmission 
line 101. The optical transmission line 101 is connected 
to an optical circulator 160 which has an input-output 
port connected to an optical transmission line 103 and 
an output port connected to an optical transmission line 
102. The optical transmission line 103 is connected to 
an optical demultiplexer-multiplexer 170 with four output 



ports to output the optical signals with the respective 
wavelengths. The optical transmission lines 131 to 134 
are connected to the four output ports of the optical 
demultiplexer-multiplexer 170. Optical reflecting mirrors 

5 151 to 154 are connected to the ends of the optical 
transmission lines 131 to 134. The optical demulti- 
plexer-multiplexer 170 is suitably an array waveguide 
diffraction grating type optical demultiplexer-multiplexer. 
[0035] In operation, an optical signal supplied through 

10 the optical transmission line 101 is amplified by the opti- 
cal amplifier 1 10, then input through the optical circula- 
tor 1 60 to the optical demultiplexer-multiplexer 1 70. The 
optical signal is demultiplexed into the respective wave- 
length lights (M to A4) by the optical demultiplexer-mul- 

15 tiplexer 170, output separately to the respective optical 
transmission lines 131 to 134. In the optical demulti- 
plexer-multiplexer 170 having an optical filter function, 
an ASE noise from the optical amplifier 1 10 and an opti- 
cal signal with a wavelength other than the above four 

20 wavelengths (X1 to A4) are removed. Therefore, only an 
optical signal with a single wavelength is passed 
through each of the optical transmission lines 131 to 
134. 

[0036] The optical signals transmitted through the 
25 optical transmission lines 131 to 134 are reflected by 
the optical reflecting mirrors 151 to 154 connected to 
the ends of the optical transmission lines 131 to 134, 
transmitted reversely through the optical transmission 
lines 131 to 134, then input again to the optical demulti- 
30 plexer-multiplexer 170. The optical demultiplexer-multi- 
plexer 170 multiplexes the optical signals input through 
the optical transmission lines 131 to 134, outputting a 
wavelength-multiplexed optical signal. The wavelength- 
multiplexed optical signal is input to the optical circulator 
35 160, then output through the optical transmission line 
1 02 connected to the output port of the optical circulator 
160. 

[0037] Also in the optical signal repeating and ampli- 
fying device in FIG.2, the noise component of the wave- 
40 length-multiplexed optical signal to be output becomes 
very small. Therefore, the amount of a reduction in 
reception sensitivity after the transmission can be signif- 
icantly improved. 

[0038] Further, the optical transmission property (opti- 
45 cal filter function) with a narrow band width can be 
obtained by using an array waveguide diffraction grating 
as the optical demultiplexer-multiplexer 170. Thus, a 
high-density wavelength-multiplexed optical signal can 
be demultiplexed and multiplexed by only one optical 
so demultiplexer-multiplexer. Also, due to the applicability 
to high-density wavelength-multiplexed optical signal, 
the cost of optical transmission can be greatly reduced 
and the temperature control can be easily conducted. 
Furthermore, the device composition can be simplified 
55 by using the optical reflecting mirrors 151 to 154 and 
can be fabricated inexpensively. 
[0039] An optical signal repeating and amplifying 
device in the third preferred embodiment will be 
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explained in FIG.3, wherein like parts are indicated by 
like reference numerals as used in FIQS.1 and 2. 
[0040] In the third embodiment, the optical transmis- 
sion line 101 is connected to the optical amplifier 110. 
The optical amplifier 110 is connected to the optical s 
demultiplexer-multiplexer 170. The optical transmission 
lines 131 to 134 are connected to the four output ports 
of the optical demultiplexer-multiplexer 170. Optical 
couplers(optical dividers in the narrow sense) 141 to 
144 are connected to the ends of the optical transmis- 10 
sion lines 131 to 134. Further, an optical transmission 
line 145 is connected between the optical couplers 143 
and 144, an optical transmission line 146 is connected 
between the optical couplers 144 and 141, an optical 
transmission line 147 is connected between the optical is 
couplers 141 and 142, and an optical transmission line 
148 is connected between the optical couplers 142 and 
143. 

[0041 ] In operation, an optical signal supplied through 
the optical transmission line 1 01 is amplified by the opti- 20 
cal amplifier 110. Then, the output amplified is demulti- 
plexed by the optical demultiplexer-multiplexer 170. In 
the optical demultiplexer-multiplexer 170, an ASE noise 
from the optical amplifier 110 and an optical signal with 
a wavelength other than the above four wavelengths (A.1 25 
to X4) are removed. Thus, the optical signals demulti- 
plexed by the optical demultiplexer-multiplexer 170 are 
separately transmitted through the respective optical 
transmission lines 131 to 134, input to the optical cou- 
plers 141 to 144. 30 
[0042] The optical signal with 1548nm wavelength 
transmitted through the optical transmission line 131 is 
transmitted through the optical coupler 141 to the opti- 
cal transmission line 132, again input through the opti- 
cal transmission line 132 to the optical demultiplexer- 35 
multiplexer 170. In like manner, the other optical signals 
transmitted through the optical transmission lines 132 to 
134 are also input to the optical demultiplexer-multi- 
plexer 170. The optical signals input to the optical 
demultiplexer-multiplexer 170 are multiplexed into a 40 
wavelength-multiplexed optical signal, then output to the 
optical transmission line 102. 

[0043] Also in the optical signal repeating and ampli- 
fying device in FIG.3, the noise component of the wave- 
length-multiplexed optical signal to be output becomes 45 
very smaJI. Therefore, the amount of a reduction in 
reception sensitivity after the transmission can be signif- 
icantly improved. 

[0044] An optical signal repeating and amplifying 
device in the fourth preferred embodiment will be so 
explained in FIG.4, wherein like parts are indicated by 
like reference numerals as used in FIG.1 . 
[0045] In the fourth embodiment, a second optical 
amplifier 180 is provided on the output side of the opti- 
cal multiplexer 1 40, adding to the composition in FIG. 1 . 55 
The other components are the same as explained in the 
first embodiment. 

[0046] In operation, an optical signal supplied through 



the optical transmission line 101 is amplified by the opti- 
cal amplifier 1 1 0, then demultiplexed into the respective 
wavelength lights (A,1 to 14) by the optical demultiplexer 
120, output separately to the respective optical trans- 
mission lines 131 to 134. In the optical demultiplexer 
120 having an optical filter function, an ASE noise from 
the optical amplifier 110 and an optical signal with a 
wavelength other than the above four wavelengths (A.1 
to ^4) are removed. Therefore, only an optical signal 
with a single wavelength is passed through each of the 
optical transmission lines 131 to 134. The optical sig- 
nals passed through the optical transmission lines 131 
to 134 are multiplexed by the optical multiplexer 140, 
amplified secondarily by the optical amplifier 180, then 
output to the optical transmission line 102. 
[0047] Also in the optical signal repeating and ampli- 
fying device in FIG.4, the noise component of the wave- 
length-multiplexed optical signal to be output becomes 
very small. Therefore, the amount of a reduction in 
reception sensitivity after the transmission can be signif- 
icantly improved. Further, due to the amplification by the 
second optical amplifier 180, a sufficient output level of 
wavelength-multiplexed optical signal can be obtained. 
[0048] An optical signal repeating and amplifying 
device in the fifth preferred embodiment will be 
explained in FIG.5, wherein like parts are indicated by 
like reference numerals as used in FIG.2. 
[0049] In the fifth embodiment, the second optical 
amplifier 180 is provided on the output side of the opti- 
cal circulator 160, adding to the composition in FIG.2. 
The other components and their operations are the 
same as explained in the second embodiment. 
[0050] In this embodiment, an ASE noise and an opti- 
cal signal with a wavelength other than the above four 
wavelengths (X1 to A.4) are removed by the optical 
demurtiplexer-multiplexer 170 and the wavelength-multi- 
plexed optical signal is again amplified by the optical 
amplifier 180 provided after the optical circulator 160. 
Therefore, the noise component of the wavelength-mul- 
tiplexed optical signal to be output from the optical circu- 
lator 160 becomes very small. Therefore, the amount of 
a reduction in reception sensitivity after the transmis- 
sion can be significantly improved. Further, due to the 
amplification by the second optical amplifier 180, a suf- 
ficient output level of wavelength-multiplexed optical sig- 
nal can be obtained. 

[0051] An optical signal repeating and amplifying 
device in the sixth preferred embodiment will be 
explained in FIG.6, wherein like parts are indicated by 
like reference numerals as used in FIG.3. 
[0052] In the sixth embodiment, the second optical 
amplifier 180 is provided on the output side of the opti- 
cal demultiplexer-multiplexer 1 70, adding to the compo- 
sition in FIG.3. The other components and their 
operations are the same as explained in the third 
embodiment. 

[0053] In this embodiment, an ASE noise and an opti- 
cal signal with a wavelength other than the above four 
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wavelengths {X2 to X4) are removed by the optical 
demultiplexer-multiplexer 170. For example, the optical 
signal with 1548nm wavelength transmitted through the 
optical transmission line 131 is transmitted through the 
optical coupler 141 to the optical transmission line 132, 
again input through the optical transmission line 132 to 
the optical demultiplexer-multiplexer 170. In like man- 
ner, the other optical signals transmitted through the 
optical transmission lines 132 to 134 are also input to 
the optical demultiplexer-multiplexer 170. The optical 
signals input to the optical demultiplexer-multiplexer 1 70 
are multiplexed into a wavelength-multiplexed optical 
signal, again amplified by the optical amplifier 180, then 
output to the optical transmission line 102. 
[0054] Also in the optical signal repeating and ampli- 
fying device in FIG.6, the noise component of the wave- 
length-multiplexed optical signal to be output from the 
optical demultiplexer-multiplexer 170 becomes very 
small. Therefore, the amount of a reduction in reception 
sensitivity after the transmission can be significantly 
improved. Further, due to the amplification by the sec- 
ond optical amplifier 180, a sufficient output level of 
wavelength-multiplexed optical signal can be obtained. 
[0055] An optical signal repeating and amplifying 
device in the seventh preferred embodiment will be 
explained in FIG.7, wherein like parts are indicated by 
like reference numerals as used in FIGS.1 and 4. 
[0056] In the seventh embodiment, the optical ampli- 
fier 1 10 in FIG.1 is disposed moving on the output side 
of the optical multiplexer 140. The other components 
and their operations are the same as explained in the 
first or fourth embodiment. 

[0057] In this embodiment, the effect of an ASE noise 
from the optical amplifier 110 does not appear because 
the optical amplifier 1 10 is disposed on the output side 
of the optical multiplexer 140. Thus, an ASE noise 
included when inputting and an optical signal with a 
wavelength other than the above four wavelengths (M 
to X4) are removed while passing through the optical 
multiplexer 140. Therefore, only an optical signal with a 
single wavelength is passed through each of the optical 
transmission lines 131 to 134. The optical signals 
passed through the optical transmission lines 131 to 
134 are multiplexed into a wavelength-multiplexed opti- 
cal signal by the optical multiplexer 1 40, amplified by the 
optical amplifier 110, then output as a wavelength-mul- 
tiplexed optical signal to the optical transmission line 
102. Meanwhile, an ASE noise occurred at the optical 
amplifier 110 can be removed by any of optical signal 
repeating and amplifying devices in the above embodi- 
ments to be disposed at the following stage. 
[0058] Also in the optical signal repeating and ampli- 
fying device in FIG.7, the noise component of the wave- 
length-multiplexed optical signal to be output becomes 
very small. Therefore, the amount of a reduction in 
reception sensitivity after the transmission can be signif- 
icantly improved. 

[0059] An optical signal repeating and amplifying 



device in the eighth preferred embodiment will be 
explained in FIG.8, wherein like parts are indicated by 
like reference numerals as used in FIGS.2 and 5. 
[0060] In the eighth embodiment, the optical amplifier 
s 1 10 in FIG.2 is disposed moving on the output side of 
the optical circulator 160. The other components and 
their operations are the same as explained in the sec- 
ond or fifth embodiment. 

[0061 ] Also in this embodiment, the effect of an ASE 

10 noise from the optical amplifier 110 does not appear 
because the optical amplifier 110 is disposed on the 
output side of the optical circulator 160. Thus, an ASE 
noise included when inputting and an optical signal with 
a wavelength other than the above four wavelengths (A.1 

15 to A,4) are removed while passing through the optical 
demultiplexer-multiplexer 170. Therefore, only an opti- 
cal signal with a single wavelength is passed through 
each of the optical transmission lines 131 to 134. The 
optical signals transmitted through the optical transmis- 

20 sion lines 131 to 134 are reflected by the optical reflect- 
ing mirrors 151 to 154 connected to the ends of the 
optical transmission lines 131 to 134, transmitted 
reversely through the optical transmission lines 131 to 
134, then input again to the optica! demultiplexer-multi- 

25 plexer 170. The optical demultiplexer-multiplexer 170 
multiplexes the optical signals input through the optical 
transmission lines 131 to 134, outputting a wavelength- 
multiplexed optical signal. The wavelength-multiplexed 
optical signal is input to the optical circulator 160. ampli- 

30 fied by the optical amplifier 1 10, then output to the opti- 
cal transmission line 102. Also in this case, an ASE 
noise occurred at the optical amplifier 110 can be 
removed by any of optical signal repeating and amplify- 
ing devices in the above embodiments to be disposed at 

35 the following stage. 

[0062] Also in the optical signal repeating and ampli- 
fying device in FIG.8, the noise component of the wave- 
length-multiplexed optical signal to be output becomes 
very small. Therefore, the amount of a reduction in 

40 reception sensitivity after the transmission can be signif- 
icantly improved. 

[0063] An optical signal repeating and amplifying 
device in the ninth preferred embodiment will be 
explained in FIG.9, wherein like parts are indicated by 

45 like reference numerals as used in FIGS.3 and 6. 

[0064] In the ninth embodiment, the optical amplifier 
110 in FIG.3 is disposed moving on the output side of 
the optical demultiplexer-multiplexer 170. The other 
components and their operations are the same as 

so explained in the third embodiment. 

[0065] In this embodiment, the effect of an ASE noise 
from the optical amplifier 1 10 does not appear because 
the optical amplifier 1 10 is disposed on the output side 
of the optical demultiplexer-multiplexer 170. Thus, an 

55 ASE noise included when inputting and an optical signal 
with a wavelength other than the above four wave- 
lengths {XI to A.4) are removed while passing through 
the optical demultiplexer-multiplexer 170. Therefore, 
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only an optical signal with a single wavelength is passed 
through each of the optical transmission lines 131 to 
134. The optical signal transmitted through each of the 
optical transmission lines 131 to 134 to the end is trans- 
mitted through any of the optical couplers 141 to 144 
connected thereto to the adjacent optical transmission 
line, again input through the optical transmission line to 
the optical demultiplexer-multiplexer 170. The optical 
signals input to the optical demultiplexer-multiplexer 1 70 
are multiplexed into a wavelength-multiplexed optical 
signal, amplified by the optical amplifier 110, then out- 
put to the optical transmission line 102. 
[0066] Also in the optical signal repeating and ampli- 
fying device in FIG.9, the noise component of the wave- 
length-multiplexed optical signal to be output becomes 
very small. Therefore, the amount of a reduction in 
reception sensitivity after the transmission can be signif- 
icantly improved. 

[0067] An optical signal repeating and amplifying 
device in the tenth preferred embodiment will be 
explained in FIG. 10. 

[0068] The optical transmission line 101 is connected 
to the optical amplifier 110, and the optical amplifier 110 
is connected to an optical coupler (optical divider in the 
narrow sense) 190. The optical transmission lines 131 
to 134 are connected to the optical coupler 190, and 
band-pass optical filters 201 to 204 each of which 
serves as an optical filter (optical filtering means) to 
pass only a wavelength band corresponding to each of 
the four wavelengths (X 1 to \4) are inserted into the 
optical transmission lines 131 to 134. The ends of the 
optical transmission lines 131 to 134 are connected to 
an optical coupler (optical coupler in the narrow sense) 
210, and the optical coupler 210 is connected to optical 
transmission line 102. 

[0069] In operation, an optical signal supplied through 
the optical transmission line 101 is amplified by the opti- 
cal amplifier 110, then input to the optical coupler 190, 
output separately to the optical transmission lines 131 
to 134. An ASE noise from the optical amplifier 1 10 and 
an optical signal with a wavelength other than the above 
four wavelengths (A,1 to A.4) are removed by the band- 
pass optical filters 201 to 204 on the optical transmis- 
sion lines 131 to 134. Therefore, only an optical signal 
with a single wavelength is transmitted through each of 
the optical transmission lines 131 to 134 after passing 
through the band-pass optical filters 201 to 204. The 
optical signals transmitted through the optical transmis- 
sion lines 131 to 134 are coupled by the optical coupler 
210, then output to the optical transmission line 102. In 
this composition, the optical coupler 190 serves as an 
optical divider (or demultiplexer) and the optical coupler 
210 serves as an optical coupler. 
[0070] In the optical signal repeating and amplifying 
device in FIG. 10, the noise component of the wave- 
length-multiplexed optical signal to be output becomes 
very small. Therefore, the amount of a reduction in 
reception sensitivity after the transmission can be signif- 



icantly improved. 

[0071] Meanwhile, the optical amplifier 110 may be 
disposed on the output side of the optical coupler 210 or 
a second optical amplifier, adding to the optical amplifier 
5 1 10, may be provided on the output side of the optical 
coupler 210. 

[0072] An optical signal repeating and amplifying 
device in the eleventh preferred embodiment will be 
explained in FIG.1 1 , wherein like parts are indicated by 

10 like reference numerals as used in FIG.2. 

[0073] In the eleventh embodiment, adding to the 
device composition of the second embodiment in FIG.2, 
the band-pass optical filters 201 to 204 in FIG.10 are 
inserted into the optical transmission lines 131 to 134. 

15 The optical coupler 190 in FIG.1 1 serves as an optical 
divider-coupler. 

[0074] In this embodiment, an ASE noise from the 
optical amplifier 110 and an optical signal with a wave- 
length other than the above four wavelengths (A.1 to A.4) 

20 are removed by the band-pass optical filters 201 to 204 
on the optical transmission lines 131 to 134. Therefore, 
only an optical signal with a single wavelength is trans- 
mitted through each of the optical transmission lines 
131 to 134 after passing through the band-pass optical 

25 filters 201 to 204. 

[0075] The optical signals transmitted through the 
optical transmission lines 131 to 134 are reflected by 
the optical reflecting mirrors 151 to 154 connected on 
the output sides of the optical transmission lines 131 to 

30 134, transmitted reversely through the optical coupler 
190, input to the optical coupler 190, coupled (multi- 
plexed) into a wavelength-multiplexed optical signal by 
the optical coupler 190. The wavelength-multiplexed 
optical signal is sent through the input-output port to the 

35 output port of the optical circulator 160, then output to 
the optical transmission line 102. 
[0076] Also in the optical signal repeating and ampli- 
fying device in FIG.1 1, the noise component of the 
wavelength-multiplexed optical signal to be output 

40 becomes very small. Therefore, the amount of a reduc- 
tion in reception sensitivity after the transmission can be 
significantly improved. 

[0077] Meanwhile, in this embodiment, the optical 
amplifier 1 10 may be disposed on the output side of the 
45 optical circulator 160 as shown in FIG.8 or a second 
optical amplifier, adding to the optical amplifier 1 1 0, may 
be provided on the output side of the optical circulator 
160 as shown in FIG.5. 

[0078] An optical signal repeating and amplifying 
so device in the twelfth preferred embodiment will be 
explained in FIG. 12, wherein like parts are indicated by 
like reference numerals as used in FIGS.3 and 10. 
[0079] In the twelfth embodiment, the optical demulti- 
plexer-multiplexer 1 70 in FIG.3 is replaced by the optical 
55 coupler (optical divider-coupler) 1 90. and the band-pass 
optical filters 201, 202, 203 and 204 are inserted into 
the optical transmission lines 145, 146, 147 and 148, 
respectively, in FIG.3. 
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[0080] From the optical signals supplied through the 
optical coupler 190 to the optical transmission lines 131 
to 134, an ASE noise from the optical amplifier 110 and 
an optical signal with a wavelength other than the above 
four wavelengths (A.1 to X4) are removed by the band- 
pass optical filters 201 to 204 on the optical transmis- 
sion lines 145 to 148. For example, the optical signal 
with 1548nm wavelength to pass through the optical 
transmission line 131 is sent through the optical cou- 
plers 144, 141 and the optical transmission lines 132 
into which the band-pass optical filter 201 is inserted to 
the optical coupler 190. In like manner, the other optical 
signals to pass through the optical transmission lines 
132 to 134 are also sent to the optical coupler 190. The 
respective optical signals input to the optical coupler 
190 are coupled into a wavelength-multiplexed optical 
signal, then output to the optical transmission line 102. 
[0081] In the optical signal repeating and amplifying 
device in FIG. 12, the noise component of the wave- 
length-multiplexed optical signal to be output becomes 
very small. Therefore, the amount of a reduction in 
reception sensitivity after the transmission can be signif- 
icantly improved. 

[0082] Next, the optical demultiplexer 120 and optical 
multiplexer 140 used in some of the above embodi- 
ments will be detailed. 

[0083] FIG. 13 shows the detailed composition of the 
optical demultiplexer 120. 

[0084] The optical demultiplexer 120 comprises opti- 
cal transmission lines 1000 and 1001 to 1004, an optical 
isolator 1100, an optical coupler (optical divider in the 
narrow sense) 1200, optical circulators 1301, 1302, and 
fiber gratings 1401 to 1406. 

[0085] The wavelength-multiplexed optical signal that 
four optical signals (X1 , A2, A.3 and X4) are multiplexed 
is supplied to the optical transmission line 1000. The 
wavelength-multiplexed optical signal from the optical 
transmission line 1000 is passed through the optical iso- 
lator 1 100, then divided into two lights. For example, the 
optical signal with the first wavelength (XI) is output 
through the fiber gratings 1402, 1404, the optical circu- 
lator 1 301 and the fiber grating 1405 to the optical trans- 
mission line 1001. However, the optical signal with the 
second wavelength (X2) is not output to the optical 
transmission lines 1001, 1002 because it is reflected by 
the fiber grating 1402. Also, the optical signal with the 
third wavelength (X3) is passed through the fiber grat- 
ings 1402, 1404 and the optical circulator 1301, then 
reflected by the fiber grating 1405, input again to the 
input-output port of the optical circulator 1 301 , then out- 
put from the output port of the optical circulator 1301 to 
the optical transmission line 1002. In like manner, the 
other optical signals with wavelengths (X2, A.4) are out- 
put to the optical transmission lines 1003, 1004 while 
being demultiplexed. 

[0086] FIG.14 shows the detailed composition of the 
optical multiplexer 140. 

[0087] The optical multiplexer 140 comprises optical 



transmission lines 2000 and 2001 to 2004, an optical 
isolator 2100, an optical coupler (optical coupler in the 
narrow sense) 2200, optical circulators 2301 , 2302, and 
fiber gratings 2401 to 2406. 

5 [0088] The optical signal with the first wavelength {X 1 ) 
to be input to the optical transmission line 2001 is output 
through the fiber grating 2405, the optical circulator 
2301 , the fiber gratings 2404, 2402 and the optical cou- 
pler 2200 to the optical transmission line 2000. Also, the 

10 optical signal with the third wavelength {X3) to be input 
to the optical transmission line 2002 is input to the input 
port of the optical circulator 2301 , then output from the 
input-output port of the optical circulator 2301 to the 
optical transmission line 2001, then reflected by the 

is fiber grating 2405, passed through the optical circulator 
2301 again, the fiber gratings 2404, 2402 and the opti- 
cal coupler 2200 to the optical transmission line 2000. In 
like manner, the other optical signals with wavelengths 
(X2, X4) are output to the optical transmission line 2000 

20 while being multiplexed. 

[0089] By using the composition in FIG. 13, a wave- 
length-multiplexed optical signal can be demultiplexed 
further densely than the optical demultiplexer-multi- 
plexer using an array waveguide diffraction grating. 

25 Therefore, the large-capacity optical transmission can 
be performed. Hereinafter, the optical demultiplexer and 
the optical multiplexer shown in FIGS. 13 and 14 are 
referred to as fiber-grating type' so as to distinguish 
them from 'array waveguide diffraction grating type'. 

30 [0090] An optical signal repeating and amplifying 
device in the thirteenth preferred embodiment will be 
explained in FIG. 15, wherein like parts are indicated by 
like reference numerals as used in FIG.1. 
[0091] In the thirteenth embodiment, the optical 

35 demultiplexer 120 in FIG.1 is replaced by a fiber-grating 
type optical demultiplexer 220 and the optical multi- 
plexer 140 in FIG.1 is replaced by a fiber-grating type 
optical multiplexer 230. The other components are the 
same as explained in the first embodiment. The fiber- 

40 grating type optical demultiplexer 220 has the composi- 
tion in FIG. 13 and the fiber-grating type optical multi- 
plexer 230 has the composition in FIG.14. The optical 
amplifier 1 10 may be a semiconductor optical amplifier, 
an impurity-doped optical fiber amplifier etc. like the first 

45 embodiment. 

[0092] The wavelength -multiplexed optical signal with 
the four wavelengths (X1 to X4) supplied through the 
optical transmission line 101 is amplified by the optical 
amplifier 1 10, then input to the fiber-grating type optical 

so demultiplexer 220, output separately to the optical 
transmission lines 131 to 134 while being demultiplexed 
into the respective wavelengths. 
[0093] In the fiber-grating type optical demultiplexer 
220, an ASE noise from the optical amplifier 110 and an 

55 optical signal with a wavelength other than the above 
four wavelengths (A.1 to X4) are removed. Therefore, 
only an optical signal with a single wavelength is trans- 
mitted through each of the optical transmission lines 



11 



21 



EP0959 577 A2 



22 



131 to 134. 

[0094] In the optical signal repeating and amplifying 
device in FIG. 15, the noise component of the wave- 
length-multiplexed optical signal to be output becomes 
very small. Therefore, the amount of a reduction in 
reception sensitivity after the transmission can be signif- 
icantly improved. As a result, the repeating distance can 
be elongated and the cost of optical transmission can 
be reduced. Also, the optical signal is, as it is, repeated 
without converting into an electrical signal. Therefore, 
the repeating installation can be simplified and the cost 
can be reduced thus much. 

[0095] Further, the optical transmission property (opti- 
cal filter function) with a narrow band width can be 
obtained by using the fiber-grating type optical demulti- 
plexer 220 and optical multiplexer 230. Therefore, a 
high-density wavelength-multiplexed optical signal can 
be demultiplexed or multiplexed. Also, due to the appli- 
cability to high-density wavelength-multiplexed optical 
signal, the cost of optical transmission can be greatly 
reduced and the temperature control can be easily con- 
ducted. 

[0096] An optical signal repeating and amplifying 
device in the fourteenth preferred embodiment will be 
explained in FIG. 16, wherein like parts are indicated by 
like reference numerals as used in FIG. 2. 
[0097] In the fourteenth embodiment, the optical 
demultiplexer-multiplexer 170 in FIG.2 is replaced by a 
fiber-grating type optical demultiplexer-multiplexer 240. 
The other components are the same as explained in the 
second embodiment. 

[0098] The fiber-grating type optical demultiplexer- 
multiplexer 240 demultiplexes the wavelength-multi- 
plexed optical signal supplied through the optical circu- 
lator 160 into the respective wavelength lights (X1 to 
X4), outputting them separately to the optical transmis- 
sion lines 131 to 134. The fiber-grating type optical 
demultiplexer-multiplexer 240 with an optical filter func- 
tion removes an ASE noise from the optical amplifier 
110 and an optical signal with a wavelength other than 
the above four wavelengths (A, 1 to A.4). 
[0099] In the optical signal repeating and amplifying 
device in FIG. 16, the noise component of the wave- 
length-multiplexed optical signal to be output becomes 
very small. Therefore, the amount of a reduction in 
reception sensitivity after the transmission can be signif- 
icantly improved. Further, the optical transmission prop- 
erty (optical filter function) with a narrow band width can 
be obtained by using the fiber-grating type optical 
demultiplexer-multiplexer 240. TTius, a high-density 
wavelength-multiplexed optical signal can be demulti- 
plexed and multiplexed by only one optical demulti- 
plexer-multiplexer. Also, due to the applicability to high- 
density wavelength-multiplexed optical signal, the cost 
of optical transmission can be greatly reduced and the 
temperature control can be easily conducted. Further- 
more, the device composition can be simplified by using 
the optical reflecting mirrors 151 to 154 and can be fab- 



ricated inexpensively. 

[0100] An optical signal repeating and amplifying 
device in the fifteenth preferred embodiment will be 
explained in FIG. 17, wherein like parts are indicated by 

5 like reference numerals as used in FIG.3. 

[01 01 ] In the fifteenth embodiment, the optical demul- 
tiplexer-multiplexer 170 in FIG.2 is replaced by the fiber- 
grating type optical demultiplexer-multiplexer 240. The 
other components are the same as explained in the 

w third embodiment. 

[0102] The fiber-grating type optical demultiplexer- 
multiplexer 240 removes an ASE noise from the optical 
amplifier 110 and an optical signal with a wavelength 
other than the above four wavelengths (X 1 to A4). 

is Thereafter, for example, the optical signal passing 
through the optical transmission line 131 is again input 
through the optical coupler 144 and the optical trans- 
mission line 132 to the fiber-grating type optical demul- 
tiplexer-multiplexer 240. In like manner, the other optical 

20 signals passing through the optical transmission lines 
1 32 to 1 34 are also input to the fiber-grating type optical 
demultiplexer-multiplexer 240. The fiber-grating type 
optical demultiplexer-multiplexer 240 multiplexes the 
optical signals supplied from the optical transmission 

25 lines 131 to 134 into a wavelength-multiplexed optical 
signal, then outputting it to the optical transmission line 
102. 

[0103] Also in the optical signal repeating and ampli- 
fying device in FIG. 17, the noise component of the 
30 wavelength-multiplexed optical signal to be output 
becomes very small. Therefore, the amount of a reduc- 
tion in reception sensitivity after the transmission can be 
significantly improved. 

[0104] An optical signal repeating and amplifying 

35 device in the sixteenth preferred embodiment will be 
explained in FIG. 18, wherein like parts are indicated by 
like reference numerals as used in FIG.4. 
[0105] In the sixteenth embodiment, the optical 
demultiplexer 120 in FIG.4 is replaced by the fiber-grat- 

40 ing type optical demultiplexer 220 and the optical multi- 
plexer 140 in FIG.4 is replaced by the fiber-grating type 
optical multiplexer 230. The other components are the 
same as explained in the fourth embodiment. 
[01 06] The fiber-grating type optical demultiplexer 220 

45 removes an ASE noise from the optical amplifier 110 
and an optical signal with a wavelength other than the 
above four wavelengths (X1 to \4). The optical signals 
passing through the optical transmission lines 131 to 
134 are multiplexed into a wavelength-multiplexed opti- 

50 cai signal, further amplified by the optical amplifier 180, 
then output to the optical transmission line 102. 
[0107] Also in the optical signal repeating and ampli- 
fying device in FIG. 18, the noise component of the 
wavelength-multiplexed optical signal to be output from 

55 the fiber-grating type optical multiplexer 230 becomes 
very small. Therefore, the amount of a reduction in 
reception sensitivity after the transmission can be signif- 
icantly improved. 
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[0108] An optical signal repeating and amplifying 
device in the seventeenth preferred embodiment will be 
explained in FIG. 19, wherein like parts are indicated by 
like reference numerals as used in FIG.5. 
[0109] In the seventeenth embodiment, the optical 
demultiplexer-multiplexer 170 in FIG.5 is replaced by 
the fiber-grating type optical demultiplexer-multiplexer 
240. The other components are the same as explained 
in the fifth embodiment. 

[0110] The fiber-grating type optical demultiplexer- 
multiplexer 240 removes an ASE noise from the optical 
amplifier 110 and an optical signal with a wavelength 
other than the above four wavelengths {X 1 to A.4). 
Namely, only an optical signal with a single wavelength 
is transmitted through each of the optical transmission 
lines 131 to 134. 

[01 1 1 ] Also in the optical signal repeating and ampli- 
fying device in FIG. 19, the noise component of the 
wavelength-multiplexed optical signal to be output 
becomes very small. Therefore, the amount of a reduc- 
tion in reception sensitivity after the transmission can be 
significantly improved. 

[0112] An optical signal repeating and amplifying 
device in the eighteenth preferred embodiment will be 
explained in FIG.20, wherein like parts are indicated by 
like reference numerals as used in FIG.6. 
[0113] In the eighteenth embodiment, the optical 
demultiplexer-multiplexer 170 in FIG.6 is replaced by 
the fiber-grating type optical demultiplexer-multiplexer 
240. The other components are the same as explained 
in the sixth embodiment. 

[0114] The fiber-grating type optical demultiplexer- 
multiplexer 240 removes an ASE noise from the optical 
amplifier 110 and an optical signal with a wavelength 
other than the above four wavelengths [X 1 to X4). The 
optical signals to be output from the fiber-grating type 
optical demultiplexer-multiplexer 240 are transmitted 
through the optical transmission lines 131 to 134, 
reversely input through the optical couplers 141 to 144 
and the different optical transmission lines to the fiber- 
grating type optical demultiplexer-multiplexer 240, multi- 
plexed into a wavelength-multiplexed optical signal. 
[01 1 5] Also in the optical signal repeating and ampli- 
fying device in FIG.20, the noise component of the 
wavelength-multiplexed optical signal to be output 
becomes very small. Therefore, the amount of a reduc- 
tion in reception sensitivity after the transmission can be 
significantly improved. 

[0116] An optical signal repeating and amplifying 
device in the nineteenth preferred embodiment will be 
explained in FIG.21, wherein like parts are indicated by 
like reference numerals as used in FIG.7. 
[0117] In the eighteenth embodiment, the optical 
demultiplexer 120 in FIG.7 is replaced by the fiber-grat- 
ing type optical demultiplexer 220 and the optical multi- 
plexer 140 in FIG.7 is replaced by the fiber-grating type 
optical multiplexer 230. The other components are the 
same as explained in the seventh embodiment. 



[01 1 8] In this composition, the optical amplifier 1 1 0 is 
not provided on the input side. Therefore, the fiber-grat- 
ing type optical demultiplexer 220 removes an ASE 
noise from the optical amplifier of a previous-stage opti- 

5 cal signal repeating and amplifying device, and it further 
removes an optical signal with a wavelength other than 
the above four wavelengths {XI to X4). Namely, only an 
optical signal with a single wavelength is transmitted 
through each of the optical transmission lines 131 to 

w 1 34. The optical signals demultiplexed by the fiber-grat- 
ing type optical demultiplexer 220 are multiplexed into a 
wavelength-multiplexed optical signal by the fiber-grat- 
ing type optical multiplexer 230, amplified by the optical 
amplifier 110, output to the optical transmission line 

is 102. 

[01 1 9] Also in the optical signal repeating and ampli- 
fying device in FIG.21, the noise component of the 
wavelength-multiplexed optical signal to be output 
becomes very small. Therefore, the amount of a reduc- 
20 tion in reception sensitivity after the transmission can be 
significantly improved. 

[0120] An optical signal repeating and amplifying 
device in the twentieth preferred embodiment will be 
explained in FIG.22, wherein like parts are indicated by 

25 like reference numerals as used in FIG.20. 

[01 21 ] In the twentieth embodiment, the optical ampli- 
fier 1 10 in FIG.20 is removed. 
[01 22] In this composition, the optical amplifier 1 1 0 is 
not provided on the input side. Therefore, the fiber-grat- 

30 ing type optical demultiplexer-multiplexer 240 removes 
an ASE noise from the optical amplifier of a previous- 
stage optical signal repeating and amplifying device, 
and it further removes an optical signal with a wave- 
length other than the above four wavelengths (A.1 to X4). 

35 Namely, only an optical signal with a single wavelength 
is transmitted through each of the optical transmission 
lines 131 to 134. 

[0123] Also in the optical signal repeating and ampli- 
fying device in FIG.22, the noise component of the 
40 wavelength-multiplexed optical signal to be output 
becomes very small. Therefore, the amount of a reduc- 
tion in reception sensitivity after the transmission can be 
significantly improved. 

[01 24] An optical level adjusting device in the first pre- 
45 ferred embodiment will be explained in FIG.23. 

[0125] In the first embodiment, optical signals with 
four different wavelengths (for example, X1=1548nm, 
A2=1550nm, A.3=1552nm and A4=1554nm, hereinafter 
these wavelengths are also used commonly in the other 
so embodiments) are wavelength-multiplexed and trans- 
mitted through an optical transmission line 101. 
[01 26] The optical transmission line 1 01 is connected 
to the optical demultiplexer 120. The optical demulti- 
plexer 120, which is typically an array waveguide diffrac- 
55 tion grating type optical demultiplexer, demultiplexes the 
multiplexed optical signal into optical signals, each of 
which having either of the different wavelengths as a 
center signal-pass band. Further, the optical transmis- 
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sion lines 131, 132, 133 and 134 are connected to the 
four output ports of the optical demultiplexer 120, and 
the ends of the optical transmission lines 1 31 to 1 34 are 
connected to the optical multiplexer 140 for multiplexing 
optical signals to be transmitted through the optical 
transmission lines 131 to 134. The optical transmission 
line 102 is connected to the output port of the optical 
multiplexer 140. Further, optical attenuators 251 to 254 
are inserted into the optical transmission lines 131 to 
134, respectively. 

[0127] As the optical demultiplexer 120 and optical 
multiplexer 140, array waveguide diffraction grating type 
optical demultiplexer and multiplexer can be suitably 
used. Alternatively, they may be an optical demulti- 
plexer-multiplexer. Also, as the optical attenuators 251 
to 254, an optical variable attenuator or optical fixed 
attenuator may be used. 

[0128] In operation, an optical signal transmitted 
through the optical transmission line 101 is demulti- 
plexed into four optical signals with the above wave- 
lengths (M to XA) by the optical demultiplexer 120. The 
optical demultiplexer 120 removes an ASE noise from 
the optical amplif ier(not shown) of a previous-stage opti- 
cal signal repeating and amplifying device or optical 
level adjusting device, and it further removes an optical 
signal with a wavelength other than the above four 
wavelengths (M to XA). Namely, only an optical signal 
with a single wavelength is transmitted through each of 
the optical transmission lines 131 to 134. Then, the 
respective optical signals transmitted through the opti- 
cal transmission lines 131 to 134 are separately attenu- 
ated by the optical attenuators 251 to 254 inserted into 
the optical transmission lines 131 to 134 to adjust the 
relative or absolute level of the optical signals. Then, the 
optical signals are multiplexed into a wavelength-multi- 
plexed optical signal by the optical multiplexer 140, out- 
put to the optical transmission line 102. 
[0129] In the optical level adjusting device in FIG.23, 
the optical level of the respective wavelength lights in 
the wavelength-multiplexed optical signal can be 
adjusted into an arbitrary level by the optical attenuators 
251 to 254. 

[0130] An optical level adjusting device in the second 
preferred embodiment will be explained in FIQ.24. 
[0131] The optical transmission line 101 is connected 
to the optical circulator 160 that has an input port, an 
input-output port connected with the optical transmis- 
sion line 103 and an output port connected with the opti- 
cal transmission line 102. The optical transmission line 
103 is connected to the optical demultiplexer-multi- 
plexer 170 that has four output ports to output the opti- 
cal signals with the above wavelengths (A,1 to XA). The 
output ports of the optical demultiplexer-multiplexer 1 70 
are connected with the optical transmission lines 131 to 
134, and the optical reflecting mirrors 151 to 154 are 
connected to the ends of the optical transmission lines 
131 to 134. Further, optical attenuators 251 to 254 are 
inserted into the optical transmission lines 131 to 134, 



respectively. 

[01 32] As the optical demultiplexer-multiplexer 1 70, an 
array waveguide diffraction grating type optical demulti- 
plexer-multiplexer can be suitably used. Also, as the 

5 optical attenuators 251 to 254, an optical variable atten- 
uator or optical fixed attenuator may be used. 
[0133] In operation, an optical signal transmitted 
through the optical transmission line 101 is input 
through the optical circulator 160 to the optical demulti- 

10 plexer-multiplexer 170, demultiplexed into four optical 
signals with the above wavelengths (X1 to XA) by the 
optical demultiplexer-multiplexer 170, output separately 
to the optical transmission lines 131 to 134. The optical 
demultiplexer-multiplexer 170 removes an ASE noise 

15 from the optical amplifier(not shown) of a previous- 
stage optical signal repeating and amplifying device or 
optical level adjusting device, and it further removes an 
optical signal with a wavelength other than the above 
four wavelengths {XI to XA). Namely, only an optical sig- 

20 nal with a single wavelength is transmitted through each 
of the optical transmission lines 131 to 134. Then, the 
respective optical signals transmitted through the opti- 
cal transmission lines 131 to 134 are separately attenu- 
ated by the optical attenuators 251 to 254 inserted into 

25 the optical transmission lines 131 to 134 to adjust the 
relative or absolute level of the optical signals. Then, the 
optical signals output from the optical attenuators 251 to 
254 are reflected by the optical reflecting mirrors 151 to 
154, transmitted reversely through the optical transmis- 

30 sion lines 131 to 134, input to the optical demultiplexer- 
multiplexer 170. The optical demultiplexer-multiplexer 
170 multiplexes the optical signals from the optical 
transmission lines 131 to 134 into a wavelength -multi- 
plexed optical signal. The wavelength-multiplexed opti- 

35 cal signal is input to the optical circulator 160, output 
from the output port to the optical transmission line 1 02. 
[0134] In the optical level adjusting device in FIG.24, 
the optical level of the respective wavelength lights in 
the wavelength-multiplexed optical signal to be output 

40 from the optical circulator 160 can be adjusted into an 
arbitrary level by the optical attenuators 251 to 254. 
Thus, the optical level can be properly adjusted even 
when the optical levels to the respective wavelengths 
are extremely different. 

45 [0135] An optical level adjusting device in the third 
preferred embodiment will be explained in FIG.25. 
[0136] The optical transmission line 101 is connected 
to the optical demultiplexer-multiplexer 170, and the 
optical transmission lines 131, 132, 133 and 134 are 

so connected to the four output ports of the optical demul- 
tiplexer-multiplexer 170. The optical couplers 144, 141, 
142 and 143 are connected to the ends of the optical 
transmission lines 131 to 134, respectively. Further, the 
optical transmission line 145 is connected between the 

55 optical couplers 143 and 144, the optical transmission 
line 146 is connected between the optical couplers 144 
and 141, the optical transmission line 147 is connected 
between the optical couplers 141 and 142, and the opti- 
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cal transmission line 148 is connected between the opti- 
cal couplers 142 and 143. Also, the optical attenuator 
251 is inserted between the optical couplers 141 and 
144, the optical attenuator 252 is inserted between the 
optical couplers 141 and 142, the optical attenuator 253 
is inserted between the optical couplers 142 and 143, 
and the optical attenuator 254 is inserted between the 
optical couplers 143 and 144. 
[0137] In operation, an optical signal transmitted 
through the optical transmission line 101 is demulti- 
plexed into four optical signals with the above wave- 
lengths (X1 to X4) by the optical demultiplexer- 
multiplexer 170. The optical demultiplexer 170 removes 
an ASE noise included in the optical signals and an opti- 
cal signal with a wavelength other than the above four 
wavelengths (X1 to 14). Then, the respective optical sig- 
nals demultiplexed by the optical demultiplexer-multi- 
plexer 170 are separately transmitted through the 
optical transmission lines 131 to 134, attenuated by the 
optical attenuators 251 to 254. For example, the optical 
signal with 1 548nm wavelength transmitted through the 
optical transmission line 131 is attenuated by the optical 
attenuator 251, passed through the optical coupler 141 
to the optical transmission line 132, input through the 
optical transmission line 132 to the optical demulti- 
plexer-multiplexer 170. In like manner, the other optical 
signals transmitted through the optical transmission 
lines 132 to 134 are also input to the optical demulti- 
plexer-multiplexer 170. Then, the optical signals are 
multiplexed into a wavelength-multiplexed optical signal 
by the optical demultiplexer-multiplexer 170, output to 
the optical transmission line 102. 
[0138] In the optical level adjusting device in FIG.25, 
the optical level of the respective wavelength lights in 
the wavelength-multiplexed optical signal can be 
adjusted into an arbitrary level by the optical attenuators 
251 to 254. 

[0139] An optical signal repeating and amplifying 
device in the twenty-first preferred embodiment will be 
explained in FIG.26, wherein like parts are indicated by 
like reference numerals as used in FIG.1 . 
[0140] In the twenty-first embodiment, optical amplifi- 
ers 261 to 264 are inserted into the optical transmission 
lines 131 to 134, respectively, in FIG.1. The other com- 
ponents are the same as explained in the first embodi- 
ment. 

[0141] An optical signal supplied through the optical 
transmission line 101 is demultiplexed by the optical 
demultiplexer 120, output to the optical transmission 
lines 131 to 134. Then, for example, the optical signal 
with 1548nm wavelength to be output to the optical 
transmission line 131 is amplified by the optical ampli- 
fier 261 , input to the optical multiplexer 140. The optical 
multiplexer 140 removes an ASE noise included in a 
previous-stage optical signal repeating and amplifying 
device or optical level adjusting device and an optical 
signal with a wavelength other than the above four 
wavelengths (A.1 to A.4). In like manner, the other optical 



signals to be transmitted through the optical transmis- 
sion lines 132 to 134 are also processed. 
[0142] In the optical signal repeating and amplifying 
device in FIG.26, the total output power after wave- 

5 length-multiplexing can be increased comparing with 
the optical signal repeating and amplifying devices in 
the above embodiments that the wavelength-multi- 
plexed optical signal is amplified in the lump because 
the optical amplifiers 261 to 264 are inserted into the 

10 optical transmission lines 131 to 134, respectively Fur- 
thermore, the equalization of optical levels can be also 
conducted. Also, an ASE noise generated from the opti- 
cal amplifier, which causes a reduction in reception sen- 
sitivity, can be removed by the optical multiplexer 140 

75 with a narrow pass-band width that is disposed after the 
optical amplifier and functions as an optical filter. 
[0143] An optical signal repeating and amplifying 
device in the twenty-second preferred embodiment will 
be explained in FIG.27, wherein like parts are indicated 

20 by like reference numerals as used in FIG.2. 

[0144] In the twenty-first embodiment, the optical 
amplifier 1 10 in FIG.2 is removed and the optical ampli- 
fiers 261 to 264 are inserted into the optical transmis- 
sion lines 131 to 134, respectively, in FIG.2. The other 

25 components are the same as explained in the second 
embodiment. 

[0145] An optical signal supplied through the optical 
circulator 160 is demultiplexed by the optical demulti- 
plexer-multiplexer 170, output separately to the optical 
30 transmission lines 131 to 134. Then, for example, the 
optical signal with 1548nm wavelength to be output to 
the optical transmission line 131 is amplified by the opti- 
cal amplifier 261, reflected by the optical reflecting mir- 
ror 151, again amplified by the optical amplifier 261, 
35 input to the optical demultiplexer-multiplexer 170. The 
optical demultiplexer-multiplexer 170 removes an ASE 
noise from the optical amplifier 261 and an optical signal 
with a wavelength other than the above four wave- 
lengths (A.1 to A.4). In like manner, the other optical sig- 
40 nals to be transmitted through the optical transmission 
lines 132 to 134 are also processed. 
[0146] Also in the optical signal repeating and ampli- 
fying device in FIG.27, the total output power after 
wavelength-multiplexing can be increased comparing 
45 with the optical signal repeating and amplifying devices 
in the above embodiments that the wavelength -multi- 
plexed optical signal is amplified in the lump because 
the optical amplifiers 261 to 264 are inserted into the 
optical transmission lines 131 to 134, respectively. Fur- 
so thermore, the equalization of optical levels can be also 
conducted. Also, an ASE noise generated from the opti- 
cal amplifier, which causes a reduction in reception sen- 
sitivity, can be removed by the optical demultiplexer- 
multiplexer 1 70 that functions as an optical filter. 
55 [0147] An optical signal repeating and amplifying 
device in the twenty-third preferred embodiment will be 
explained in FIG.28, wherein like parts are indicated by 
like reference numerals as used in FIGS.1 to 27. 
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[0148] The optical demultiplexer-multiplexer 170 is 
connected with the optical transmission lines 101, 102. 
The optical transmission lines 1 31 to 1 34 are connected 
to the wavelength-demultiplexing side of the optical 
demultiplexer-multiplexer 170. The optical couplers 144, 
1 41 , 142 and 1 43 are connected to the ends of the opti- 
cal transmission lines 131 to 134, respectively. Further, 
the optical amplifier 261 and an optical isolator 271 that 
are in series connected are inserted between the optical 
couplers 141 and 144, the optical amplifier 262 and an 
optical isolator 272 that are in series connected are 
inserted between the optical couplers 141 and 142, the 
optical amplifier 263 and an optical isolator 273 that are 
in series connected are inserted between the optical 
couplers 142 and 143, and the optical amplifier 264 and 
an optical isolator 274 that are in series connected are 
inserted between the optical couplers 143 and 144. 
[0149] In operation, an optical signal supplied through 
the optical transmission line 101 is demultiplexed into 
optical signals with four wavelengths (A.1 to X4) by the 
optical demultiplexer-multiplexer 170, output separately 
to the optical transmission lines 131 to 134. Then, for 
example, the optical signal with 1548nm wavelength to 
be output to the optical transmission line 131 is passed 
through the optical coupler 144, amplified by the optical 
amplifier 261, passed through the optical isolator 271 
and the optical coupler 141, input through the optical 
transmission line 132 to the optical demultiplexer-multi- 
plexer 170. The optical demultiplexer-multiplexer 170 
removes an ASE noise from the optical amplifier 261 
and an optical signal with a wavelength other than the 
above four wavelengths (A,1 to A4). In like manner, the 
other optical signals to be transmitted through the opti- 
cal transmission lines 132 to 134 are also input to the 
optical demultiplexer-multiplexer 170. 
[0150] In the optical signal repeating and amplifying 
device in FIG.28, the noise component of the wave- 
length-multiplexed optical signal to be output becomes 
very small. Therefore, the amount of a reduction in 
reception sensitivity after the transmission can be signif- 
icantly improved. 

[0151] In the optical signal repeating and amplifying 
devices shown in FIGS.26 to 28, the optical amplifiers 
261 to 264 are inserted into the optical transmission 
lines 131 to 134, respectively, that are connected to the 
optical demultiplexer 120 or optical demultiplexer-multi- 
plexer 170. Therefore, by adjusting the gain of the opti- 
cal amplifiers 261 to 264, the optical signal repeating 
and amplifying devices can serve as an optical level 
adjusting device. Further, they can serve as both an 
optical signal repeating and amplifying device and an 
optical level adjusting device. 

[0152] An optical signal repeating and amplifying 
device in the twenty-fourth preferred embodiment will be 
explained in FIG.29. 

[01 53] In the twenty-fourth embodiment, as compared 
with the twenty-first embodiment, the optical demulti- 
plexer 120 in FIG.26 is replaced by a fiber-grating type 



optical demultiplexer 1501, and the optical multiplexer 
140 in FIG.26 is replaced by a fiber-grating type optical 
multiplexer 1502. The fiber-grating type optical demulti- 
plexer 1501 has the same composition as shown in 

5 FIG. 13, and the fiber-grating type optical multiplexer 
1502 has the same composition as shown in FIG. 14. 
Meanwhile, optical transmission lines 110, 120 corre- 
spond to the optical transmission lines 101, 102, 
respectively, in FIG.26 and optical amplifiers 51 to 54 

10 correspond to the optical amplifiers 261 to 264 in 
FIG.26. 

[0154] An optical signal supplied through the optical 
transmission line 110 is demultiplexed into optical sig- 
nals with the four wavelengths (A.1 to X4) by the fiber- 

15 grating type optical demultiplexer 1501, output sepa- 
rately to the optical transmission lines 131 to 134. The 
fiber-grating type optical demultiplexer 1501 removes 
an ASE noise from a previous-stage optical amplifier 
and an optical signal with a wavelength other than the 

20 above four wavelengths {XI to A.4). Therefore, only an 
optical signal with a single wavelength is transmitted 
through each of the optical transmission lines 131 to 
134. Then, the optical signals to be transmitted through 
the optical transmission lines 131 to 134 are amplified 

25 by the optical amplifiers 51 to 54, then multiplexed into a 
wavelength-multiplexed optical signal by the fiber-grat- 
ing type optical multiplexer 1502. The fiber-grating type 
optical multiplexer 1502 removes an ASE noise from the 
optical amplifiers 51 to 54 and an optical signal with a 

30 wavelength other than the above four wavelengths (X1 
to X4). 

[0155] In the optical signal repeating and amplifying 
device in FIG.29, the noise component of the wave- 
length-multiplexed optical signal to be output becomes 

35 very small. Therefore, the amount of a reduction in 
reception sensitivity after the transmission can be signif- 
icantly improved. Due to this, the repeating distance can 
be elongated, thereby reducing the cost of optical trans- 
mission. Also, the optical signal is, as it is, repeated 

40 without converting into an electrical signal. Therefore, 
the repeating installation can be simplified and the cost 
can be reduced thus much. 

[01 56] Further, the optical transmission property (opti- 
cal filter function) with a narrow band width can be 

45 obtained by using the fiber-grating type optical demulti- 
plexer and multiplexer. Therefore, a high^Jensity wave- 
length-multiplexed optical signal can be demultiplexed 
or multiplexed. Also, due to the applicability to high-den- 
sity wavelength-multiplexed optical signal, the cost of 

50 optical transmission can be greatly reduced and the 
temperature control can be easily conducted. 
[0157] An optical signal repeating and amplifying 
device in the twenty-fifth preferred embodiment will be 
explained in FIG.30. 

55 [0158] In the twenty-fifth embodiment, as compared 
with the twenty-second embodiment, the optical demul- 
tiplexer-multiplexer 170 in FIG.27 is replaced by a fiber- 
grating type optical demultiplexer-multiplexer 1503. The 
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fiber-grating type optical demultiplexer-multiplexer 1503 
has a composition that the fiber-grating type optical 
demultiplexer in FIG.13 and the fiber-grating type opti- 
cal multiplexer in FIG. 14 are combined. Meanwhile, 
optical transmission lines 1 10, 120 and 121 correspond 
to the optical transmission lines 101, 102 and 103 
respectively, in FIG.27, an optical circulator 60 to the 
optical circulator 160 in FIG.27, and optical amplifiers 
51 to 54 to the optical amplifiers 261 to 264 in FIG.27. 
[0159] The fiber-grating type optical demultiplexer- 
multiplexer 1503 demultiplexes a wavelength-multi- 
plexed optical signal supplied through the optical trans- 
mission line 110 into optical signals with the four 
wavelengths (A1 to X4), outputting separately to the 
optical transmission lines 131 to 134. The fiber-grating 
type optical demultiplexer-multiplexer 1503 removes an 
ASE noise from a previous-stage optical amplifier and 
an optical signal with a wavelength other than the above 
four wavelengths (X1 to A,4). Therefore, only an optical 
signal with a single wavelength is transmitted through 
each of the optical transmission lines 131 to 134. Then, 
the optical signals to be transmitted through the optical 
transmission lines 131 to 134 are amplified by the opti- 
cal amplifiers 51 to 54, reflected by the optical reflecting 
mirrors 151 to 154, again amplified by the optical ampli- 
fiers 51 to 54, input through the optical transmission 
lines 1 31 to 1 34 to the fiber-grating type optical demulti- 
plexer-multiplexer 1503. The fiber-grating type optical 
demultiplexer-multiplexer 1503 multiplexes the optical 
signals from the optical transmission lines 131 to 134 
into a wavelength-multiplexed optical signal. The fiber- 
grating type optical demultiplexer-multiplexer 1503 
removes an ASE noise from the optical amplifiers 51 to 
54 and an optical signal with a wavelength other than 
the above four wavelengths (A,1 to X4). 
[0160] In the optical signal repeating and amplifying 
device in FIG.30, the noise component of the wave- 
length-multiplexed optical signal to be output becomes 
very small. Therefore, the amount of a reduction in 
reception sensitivity after the transmission can be signif- 
icantly improved. Further, the optical transmission prop- 
erty (optical filter function) with a narrow band width can 
be obtained by using the fiber-grating type optical 
demultiplexer-multiplexer 1503. Therefore, a high-den- 
sity wavelength-multiplexed optical signal can be 
demultiplexed or multiplexed. Also, due to the applicabil- 
ity to high-density wavelength-multiplexed optical sig- 
nal, the cost of optical transmission can be greatly 
reduced and the temperature control can be easily con- 
ducted. Furthermore, the device composition can be 
simplified by using the optical reflecting mirrors 151 to 
154 and can be fabricated inexpensively. 
[0161] An optical signal repeating and amplifying 
device in the twenty-sixth preferred embodiment will be 
explained in FIG.31. 

[0162] In the twenty-sixth embodiment, as compared 
with the twenty-third embodiment, the optical demulti- 
plexer-multiplexer 170 in FIG.28 is replaced by the fiber- 



grating type optical demultiplexer- multiplexer 1503 and 
a controller 500 is provided to control the gain of the 
optical amplifiers 51 to 54. Meanwhile, optical transmis- 
sion lines 110, 120 and 138 correspond to the optical 

5 transmission lines 101, 102 and 145 respectively, in 
FIG.28. optical isolators 71 to 74 to the optical isolators 
271 to 274 in FIG.28, and the optical amplifiers 51 to 54 
to the optical amplifiers 261 to 264 in FIG.28. 
[0163] The fiber-grating type optical demultiplexer- 

w multiplexer 1503 removes an ASE noise from a previ- 
ous-stage optical amplifier and an optical signal with a 
wavelength other than the above four wavelengths (A,1 
to A.4) when it demultiplexes a wavelength-multiplexed 
optical signal supplied through the optical transmission 

is line 1 10 into optical signals. Then, for example, the opti- 
cal signal passing through the optical transmission line 
131 is again input through the optical coupler (optical 
divider in the narrow sense) 144, optical amplifier 51, 
optical isolator 71, optical coupler(opticai divider in the 

20 narrow sense) 141 and optical transmission line 132 to 
the fiber-grating type optical demultiplexer-multiplexer 
1503. The fiber-grating type optical demultiplexer-multi- 
plexer 1503 removes an ASE noise from the optical 
amplifiers 51 to 54 and an optical signal with a wave- 

25 length other than the above four wavelengths (X1 to X4). 
In like manner, the other optical signals passing through 
the optical transmission lines 132 to 134 are also re- 
input to the fiber-grating type optical demultiplexer-mul- 
tiplexer 1 503. Then, the fiber-grating type optical demul- 

30 tiplexer-muitiplexer 1503 multiplexes the optical signals 
from the optical transmission lines 131 to 134 into a 
wavelength-multiplexed optical signal, outputting it to 
the optical transmission line 120. 
[0164] In the optical signal repeating and amplifying 

35 device in FIG.31, the noise component of the wave- 
length-multiplexed optical signal to be output becomes 
very small. Therefore, the amount of a reduction in 
reception sensitivity after the transmission can be signif- 
icantly improved. Further, by using the controller 500, 

40 the optical level of the respective wavelength lights in 
the wavelength-multiplexed optical signal to be output 
can be adjusted into an arbitrary level. 
[0165] An optical level adjusting device in the fourth 
preferred embodiment will be explained in FIG.32. 

45 [01 66] in the this embodiment, optical signals with four 
different wavelengths (for example, M=1548nm, 
X2=1550nm, A,3=1552nm and X4=1554nm, hereinafter 
these wavelengths are also used commonly in the other 
embodiments) are wavelength-multiplexed and trans- 

so mitted through an optical transmission line 110. 

[01 67] The optical transmission line 1 1 0 is connected 
to the optical demultiplexer 210. The optical demulti- 
plexer 210, which is typically an array waveguide diffrac- 
tion grating type optical demultiplexer, demultiplexes the 

55 multiplexed optical signal into optical signals, each of 
which having either of the different wavelengths (M to 
A,4) as a center signal-pass band. Further, the optical 
transmission lines 131 , 132, 133 and 134 are connected 
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to the four output ports of the optical demultiplexer 210, 
the optical amplifiers 51 to 54 are inserted into the opti- 
cal transmission lines 131 to 134, and the ends of the 
optical transmission lines 131 to 134 are connected to 
the optical multiplexer 310 for multiplexing optical sig- 
nals to be transmitted through the optical transmission 
lines 131 to 134. The optical transmission line 120 is 
connected to the output port of the optical multiplexer 
310. Further, the controller 500 is provided to control the 
gain of the optical amplifiers 51 to 54. 
[0168] In operation, an optical signal transmitted 
through the optical transmission line 110 is demulti- 
plexed into four optical signals with the above wave- 
lengths (A.1 to A.4) by the optical demultiplexer 210. The 
optical demultiplexer 210 removes an ASE noise from 
the optical amplif ier(not shown) of a previous-stage opti- 
cal signal repeating and amplifying device or optical 
level adjusting device, and it further removes an optical 
signal with a wavelength other than the above four 
wavelengths (A.1 to A4). Namely, the optical demulti- 
plexer 210 functions as a band-pass optical filter as well 
as a demultiplexer to the respective wavelengths. In like 
manner, this function is effective for the other wave- 
length lights QJ2 to A,4) on the optical transmission lines 
132 to 134. Then, the optical signals demultiplexed are 
amplified by the optical amplifiers 51 to 54, multiplexed 
into a wavelength-multiplexed optical signal by the opti- 
cal multiplexer 310, then output to the optical transmis- 
sion line 120. The optical multiplexer removes an ASE 
noise from the optical amplifiers 51 to 54 and an optical 
signal with a wavelength other than the above four 
wavelengths (A.1 to A,4). 

[0169] The optical level of the respective wavelength 
lights in the wavelength-multiplexed optical signal to be 
output can be adjusted into an arbitrary level by control- 
ling separately the gain of the optical amplifiers 51 to 54 
by using the controller 500. The controller 500 takes out 
part of the optical signal to be output from each of the 
optical amplifiers 51 to 54, monitoring the optical inten- 
sity, feedbacking the monitor result to the optical ampli- 
fiers 51 to 54, thereby controlling the gain of the optical 
amplifiers 51 to 54. 

[0170] In the optical level adjusting device in FIG.32, 
the optical level of the respective wavelength lights in 
the wavelength-multiplexed optical signal can be 
adjusted into an arbitrary level by controlling separately 
the gain of the optical amplifiers 51 to 54. 
[0171 ] An optical level adjusting device in the fifth pre- 
ferred embodiment will be explained in FIG.33. 
[0172] In the this embodiment, the optical transmis- 
sion line 1 1 0 is connected to the input port of the optical 
circulator 60, which further having an input-output port 
connected to the optical transmission line 121 and an 
output port connected to the optical transmission line 
120. The optical transmission line 121 is connected to 
an optical demultiplexer-multiplexer 410, which is typi- 
cally an array waveguide diffraction grating type optical 
demultiplexer, with lour output ports to output the 



demultiplexed optical signals. The optical transmission 
lines 131 to 134 are connected to the output ports of the 
optical demultiplexer-multiplexer 410. The optical ampli- 
fiers 51 to 54 available for the bi-directional amplification 

5 are inserted into the optical transmission lines 131 to 
134. Further, the optical reflecting mirrors 151 to 154 
are connected to the ends of the optical transmission 
lines 131 to 134. The controller 500 for adjusting the 
reflectivity is connected to the respective optical reflect- 

10 ing mirrors 151 to 154. 

[0173] In operation, an optical signal transmitted 
through the optical transmission line 110 is input 
through the optical circulator 60 to the optical demulti- 
plexer-multiplexer 410, demultiplexed into four optical 

15 signals with the above wavelengths (X1 to A.4) by the 
optical demultiplexer-multiplexer 410. The optical sig- 
nals on the optical transmission lines 131 to 134 are 
amplified by the optical amplifiers 51 to 54, reflected by 
the optical reflecting mirrors 151 to 154, again amplified 

20 by the optical amplifiers 51 to 54, input to the optical 
demultiplexer-multiplexer 410. The optical demulti- 
plexer-multiplexer 410 functions as a band-pass optical 
filter in both demultiplexing and multiplexing. Thereby, 
an ASE noise from the optical amplifiers 51 to 54 and an 

25 optical signal with a wavelength other than the above 
four wavelengths (A.1 to A,4) are removed. 
[0174] For example, the optical signal with 1548nm 
wavelength to be output to the optical transmission line 
131 is amplified by the optical amplifier 51, reflected by 

30 the optical reflecting mirror 151, again amplified by the 
optical amplifier 51, input to the optical demultiplexer- 
multiplexer 410. The optical demultiplexer-multiplexer 
410 removes an ASE noise from the optical amplifier 51 
and an optical signal with a wavelength other than the 

35 above four wavelengths (A,1 to A.4). In like manner, the 
optical signals are input to the optical demultiplexer- 
multiplexer 410. Thus, the optical signals output from 
the optical amplifiers 51 to 54 are multiplexed into a 
wavelength-multiplexed optical signal by the optical 

40 demultiplexer-multiplexer 410, output to the optical 
transmission line 120. 

[0175] The controller 500, which controls separately 
the reflectivity of the optical reflecting mirrors 151 to 
1 54, can function as a kind of attenuator, thereby adjust - 

45 ing the optical intensity for each wavelength into an arbi- 
trary value. In the controlling, the controller 500 takes 
out part of the optical signal to be output from each of 
the optical amplifiers 51 to 54, monitoring the optical 
intensity, feedbacking the monitor result to the optical 

so amplifiers 51 to 54, thereby controlling the gain of the 
optical amplifiers 51 to 54. 

[0176] In the optical level adjusting device in FIG.33, 
the optical level of the respective wavelength lights in 
the wavelength-multiplexed optical signal can be 
55 adjusted into an arbitrary level by controlling separately 
the reflectivity of the optical amplifiers 51 to 54. 
[0177] An optical level adjusting device in the sixth 
preferred embodiment will be explained in FIG.34. 
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[0178] In the this embodiment, the optical demulti- 
plexer-multiplexer 410, which is typically an array 
waveguide diffraction grating type optical demultiplexer, 
is connected with the optical transmission line 110 for 
inputting and the optical transmission line 120 for out- 
putting. The optical transmission lines 131 to 134 are 
connected to the four output ports of the optical demul- 
tiplexer-multiplexer 410. The optical couplers 144, 141, 
142 and 143 are connected to the ends of the optical 
transmission lines 131 to 134, respectively. Further, the 
optical amplifier 51 and the optical isolator 71 that are in 
series connected are inserted between the optical cou- 
plers 141 and 144, the optical amplifier 52 and the opti- 
cal isolator 72 that are in series connected are inserted 
between the optical couplers 141 and 142, the optical 
amplifier 53 and the optical isolator 73 that are in series 
connected are inserted between the optical couplers 
1 42 and 1 43, and the optical amplifier 54 and the optical 
isolator 74 that are in series connected are inserted 
between the optical couplers 143 and 144. 
[0179] An optical signal supplied through the optical 
transmission line 101 is demultiplexed into optical sig- 
nals with four wavelengths (A.1 to X4) by the optical 
demultiplexer-multiplexer 1 70, output separately to the 
optical transmission lines 131 to 134. Then, for exam- 
ple, the optical signal with 1548nm wavelength to be 
output to the optical transmission line 131 is passed 
through the optical coupler 144, amplified by the optical 
amplifier 261, passed through the optical isolator 271 
and the optical coupler 141, input through the optical 
transmission line 132 to the optical demultiplexer-multi- 
plexer 170. The optical demultiplexer-multiplexer 170 
removes an ASE noise from the optical amplifier 261 
and an optical signal with a wavelength other than the 
above four wavelengths {XI to A.4). In like manner, the 
other optical signals to be transmitted through the opti- 
cal transmission lines 132 to 134 are also input to the 
optical demultiplexer-multiplexer 170. The controller 
500 for adjusting the gain is connected to the respective 
optical amplifiers 51 to 54. 

[0180] In operation, an optical signal supplied through 
the optical transmission line 101 is demultiplexed into 
optical signals with four wavelengths {XI to X4) by the 
optical demultiplexer-multiplexer 410, output separately 
to the optical transmission lines 131 to 134. Then, for 
example, the optical signal with 1548nm wavelength to 
be output to the optical transmission line 131 is passed 
through the optical coupler 144, amplified by the optical 
amplifier 51, passed through the optical isolator 71 and 
the optical coupler 141, input through the optical trans- 
mission line 132 to the optical demultiplexer-multiplexer 
41 0. In like manner, the other optical signals to be trans- 
mitted through the optical transmission lines 132 to 134 
are amplified by the optical amplifiers 52 to 54, passed 
through the optical isolators 72 to 74, input through the 
optical transmission lines 133, 134 and 131 to the opti- 
cal demultiplexer-multiplexer 410. Then, the optical sig- 
nals from the optical transmission lines 131 to 134 are 



multiplexed into a wavelength-multiplexed optical signal 
by the optical demultiplexer-multiplexer 410, output to 
the optical transmission line 120. The optical demulti- 
plexer-multiplexer 410 with the optical filter function 
5 removes an ASE noise from the optical amplifiers 51 to 
54 and an optical signal with a wavelength other than 
the above four wavelengths (M to A.4) in the demulti- 
plexing and multiplexing. 

[0181] When the optical signals pass through the opti- 
10 cal couplers 141 to 144, the optical intensity of the 
respective optical signals is controlled by the controller 
500. In the controlling, the controller 500 takes out part 
of the optical signal to be output from each of the optical 
amplifiers 51 to 54, monitoring the optical intensity, 
75 feedbacking the monitor result to the optical amplifiers 
51 to 54, thereby controlling the gain of the optical 
amplifiers 51 to 54. 

[0182] In the optical level adjusting device in FIG.34, 
the optical level of the respective wavelength lights in 

20 the wavelength-multiplexed optical signal can be 
adjusted into an arbitrary level by controlling separately 
the gain of the optical amplifiers 51 to 54. 
[0183] An optical level adjusting device in the seventh 
preferred embodiment will be explained in FIG.35, 

25 wherein like parts are indicated by like reference numer- 
als as used in FIG.33. 

[0184] In the this embodiment, as compared with the 
fifth embodiment, the controller 500 is connect to the 
optical amplifiers 51 to 54 in place of the optical reflect- 

30 ing mirrors 151 to 154. The other components and their 
operations are the same as shown in FIG.33. 
[0185] In this case, the controller 500 controls sepa- 
rately the gain of the optical amplifiers 51 to 54. In the 
controlling, the controller 500 takes out part of the opti- 

35 cal signal to be output from each of the optical amplifiers 
51 to 54, monitoring the optical intensity, feedbacking 
the monitor result to the optical amplifiers 51 to 54, 
thereby controlling the gain of the optical amplifiers 51 
to 54. 

40 [0186] In the optical level adjusting device in FIG.35, 
the optical level of the respective wavelength lights in 
the wavelength-multiplexed optical signal can be 
adjusted into an arbitrary level by controlling separately 
the gain of the optical amplifiers 51 to 54. 

45 [0187] An optical level adjusting device in the eighth 
preferred embodiment will be explained in FIG.36, 
wherein like parts are indicated by like reference numer- 
als as used in FIG.32. 

[0188] In the this embodiment, as compared with the 
so fourth embodiment, the optical demultiplexer 120 in 
FIG.32 is replaced by the fiber-grating type optical 
demultiplexer 1501, and the optical multiplexer 140 in 
FIG.32 is replaced by the fiber-grating type optical mul- 
tiplexer 1502. The other components and their opera- 
55 tions are the same as shown in FIG.32. 

[0189] By using the fiber-grating type optical demulti- 
plexer 1501 and fiber-grating type optical multiplexer 
1502, a wavelength desired to pass can be arbitrarily 
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set, thereby enhancing the degree of freedom for 
designing. In the optical level adjusting device in 
FIG.36, the optical level of the respective wavelength 
lights in the wavelength-multiplexed optical signal can 
be adjusted into an arbitrary level by controlling sepa- 
rately the gain of the optical amplifiers 51 to 54 by using 
the controller 500. 

[0190] An optical level adjusting device in the ninth 
preferred embodiment will be explained in FIG.37, 
wherein like parts are indicated by like reference numer- 
als as used in FIG.33. 

10191] In the this embodiment, as compared with the 
fifth embodiment, the optical demultiplexer-multiplexer 
410 in FIG.33 is replaced by the fiber-grating type opti- 
cal demultiplexer-multiplexer 1503. The other compo- 
nents and their operations are the same as shown in 
FIG.33. 

[0192] By using the fiber-grating type optical demulti- 
plexer-multiplexer 1503, a wavelength desired to pass 
or to reflect be arbitrarily set, thereby enhancing the 
degree of freedom for designing. 
[0193] In the optical level adjusting device in FIG.37, 
the optical level of the respective wavelength lights in 
the wavelength-multiplexed optical signal can be 
adjusted into an arbitrary level by controlling separately 
the reflectivity of the optical reflecting mirrors 1 51 to 1 54 
by using the controller 500. 

[0194] An optical level adjusting device in the tenth 
preferred embodiment will be explained in FIG.38, 
wherein like parts are indicated by like reference numer- 
als as used in FIG.34. 

[0195] In the this embodiment, as compared with the 
sixth embodiment, the optical demultiplexer-multiplexer 
410 in FIG.34 is replaced by the fiber-grating type opti- 
cal demultiplexer-multiplexer 1503. The other compo- 
nents and their operations are the same as shown in 
FIG. 34. 

[0196] By using the fiber-grating type optical demulti- 
plexer-multiplexer 1503, a wavelength desired to pass 
or to reflect be arbitrarily set, thereby enhancing the 
degree of freedom for designing. 
[0197] In the optical level adjusting device in FIG.38, 
the optical level of the respective wavelength lights in 
the wavelength-multiplexed optical signal can be 
adjusted into an arbitrary level by controlling separately 
the gain of the optical amplifiers 51 to 54 by using the 
controller 500. 

[0198] In the first to twenty-third embodiments, the 
number of wavelength-multiplexed optical signals is 
four. However, the number of wavelength-multiplexed 
optical signals available in this invention is not limited to 
four and can be set to be an arbitrary number, e.g., 
eight, sixteen, thirty-two, sixty-four- Also, the wave- 
length band available in this invention is not limited to 
the 1550nm band and can be set to be another wave- 
length band, e.g., 1300nm band. 
[0199] Also, an array waveguide diffraction grating is 
taken as an example for the optical demultiplexer, opti- 



cal multiplexer and optical demultiplexer-multiplexer. 
Alternatively, a wavelength router with a grating struc- 
ture, a wavelength MUX coupler or a combination of an 
optical divider and an interference film filter that has a 

5 like function can be used for them. 

[0200] Also, an array waveguide diffraction grating that 
is typically used as the optical demultiplexer, optical 
multiplexer and optical demultiplexer-multiplexer has dif- 
ferent insertion losses depending on wavelengths. In 

w this regard, an optical attenuator can be optionally 
inserted into the optical transmission line to equalize the 
optical level. 

[0201 ] In some of the above embodiments, the band- 
pass optical filters 201 to 204 to function as an optical 
15 filter are inserted into the optical transmission lines 131 
to 134. Alternatively, the optical transmission lines 131 
to 134 themselves may have a combination or optical 
parts with a filter function. 

[0202] Further, the gain of the respective optical 
20 amplifiers or the reflectivity of the respective optical 
reflecting mirrors in the second embodiment can be 
separately controlled to equalize the optical level to 
each wavelength. The conventional devices have the 
problem that, due to the limitation on output power of 
25 optical amplifier, the optical power per one wave is lim- 
ited thereby shortening the transmission distance. How- 
ever, according to this control method, the limitation on 
optical power per one wave can be substantially 
released. 

30 [0203] In the first to ninth embodiments, an array 
waveguide diffraction grating that is typically used as 
the optical demultiplexer, optical multiplexer and optical 
demultiplexer-multiplexer has different insertion losses 
depending on wavelengths. In this regard, an optical 

35 attenuator can be optionally inserted into the optical 
transmission line to equalize the optical level. 
[0204] In the first embodiment, either of the optical 
demultiplexer and optical multiplexer can be replaced by 
an optical coupler (optical divider or coupler in the nar- 

40 row sense), thereby obtaining a like effect. 

[0205] In the thirteenth to fifteenth embodiments, an 
optical level adjusting device can be provided by remov- 
ing the optical amplifier 110 and placing optical attenua- 
tors on the optical transmission lines. 

45 [0206] Also, in the above embodiments, the ratio of 
optical dividing is set to be 1:1. However, the ratio of 
optical dividing in this invention is not limited to this and 
can be set to be arbitrary values, e.g., 1 :2. 
[0207] Although the invention has been described with 

so respect to specific embodiment for complete and clear 
disclosure, the appended claims are not to be thus lim- 
ited but are to be construed as embodying all modifica- 
tion and alternative constructions that may be occurred 
to one skilled in the art which fairly fall within the basic 

55 teaching here is set forth. 
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Claims 

1. An optical signal repeating and amplifying device, 
comprising: 

an optical amplifier which amplifies an optical 
signal to be input thereto and then outputs it; 
and 

an optical filter means through which only one 
wavelength light of the optical signal to be out- 
put from said optical amplifier is passed. 

2. An optical signal repeating and amplifying device, 
according to claim 1 , wherein: 

said optical filter means is an array waveguide 
diffraction grating type optical demultiplexer, an 
array waveguide diffraction grating type optical 
multiplexer, an array waveguide diffraction grat- 
ing type optical demultiplexer-multiplexer, a 
band-pass optical filter, a fiber-grating type 
optical demultiplexer, a fiber-grating type opti- 
cal multiplexer, or a fiber-grating type optical 
demultiplexer-multiplexer. 

3. An optical signal repeating and amplifying device, 
according to claim 1 , wherein: 

said optical amplifier is a semiconductor optical 
amplifier or an impurity-doped optical fiber 
amplifier. 

4. An optical signal repeating and amplifying device, 
according to claim 3, wherein: 

said impurity-doped optical fiber amplifier is a 
rare-earth-element-doped optical fiber ampli- 
fier. 

5. An optical signal repeating and amplifying device, 
according to claim 4, wherein: 

said rare-earth-element-doped optical fiber 
amplifier is an erbium-doped optical fiber 
amplifier, a neodymium-doped optical fiber 
amplifier, or a praseodymium-doped optical 
fiber amplifier. 

6. An optical signal repeating and amplifying device, 
comprising: 

a first optical demultiplexer-multiplexer which 
demultiplexes a wavelength- multiplexed optical 
signal into a plurality of wavelength lights; 
a plurality of optical transmission lines through 
which said plurality of wavelength lights from 
said first optical demultiplexer-multiplexer are 
separately transmitted; and 



a second optical demultiplexer-multiplexer 
which multiplexes the optical signals transmit- 
ted through said plurality of optical transmis- 
sion lines into a wavelength-multiplexed optical 
5 signal and outputs it. 

7. An optical signal repeating and amplifying device, 
according to claim 6, wherein: 

w said first optical demultiplexer-multiplexer 

includes an optical amplifier to amplify said 
wavelength-multiplexed optical signal on the 
input side, or a plurality of optical amplifiers to 
amplify separately said demultiplexed plurality 

15 of wavelength lights on the output side. 

8. An optical signal repeating and amplifying device, 
according to claim 6, wherein: 

20 said second optical demultiplexer-multiplexer 

includes an optical amplifier to amplify said 
wavelength-multiplexed optical signal on the 
output side. 

25 9. An optical signal repeating and amplifying device, 
according to claim 6, wherein: 



said first optical demultiplexer-multiplexer is an 
optical demultiplexer and said second optical 
demultiplexer-multiplexer is an optical multi- 
plexer. 

10. An optical signal repeating and amplifying device, 
according to claim 6, wherein: 

said first and second optical demultiplexer-mul- 
tiplexers are an array waveguide diffraction 
grating type or fiber-grating type optical demul- 
tiplexer, optical multiplexer, or optical demulti- 
plexer-multiplexer. 



30 



35 



40 



45 



50 



55 



11. An optical signal repeating and amplifying device, 
according to claim 7, wherein: 

said optical amplifier is a semiconductor optical 
amplifier or an impurity-doped optical fiber 
amplifier. 

12. An optical signal repeating and amplifying device, 
according to claim 8, wherein: 

said optical amplifier is a semiconductor optical 
amplifier or an impurity-doped optical fiber 
amplifier. 

13. An optical signal repeating and amplifying device, 
according to claim 1 1 , wherein: 
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said impurity-doped optical fiber amplifier is a 
rare-earth-element-doped optical fiber ampli- 
fier. 

14. An optical signal repeating and amplifying device, 
according to claim 12, wherein: 

said impurity-doped optical fiber amplifier is a 
rare-earth-element-doped optical fiber ampli- 
fier. 

15. An optical signal repeating and amplifying device, 
according to claim 13, wherein: 

said rare-earth-element-doped optical fiber 
amplifier is an erbium-doped optical fiber 
amplifier, a neodymium-doped optical fiber 
amplifier, or a praseodymium-doped optical 
fiber amplifier. 

16. An optical signal repeating and amplifying device, 
according to claim 14, wherein: 

said rare-earth-element-doped optical fiber 
amplifier is an erbium-doped optical fiber 
amplifier, a neodymium-doped optical fiber 
amplifier, or a praseodymium-doped optical 
fiber amplifier. 

17. An optical signal repeating and amplifying device, 
comprising: 

an optical circulator through which a wave- 
length-multiplexed optical signal to be input to 
the input port is output from the input-output 
port and a wavelength-multiplexed optical sig- 
nal to be input to the input-output port is output 
from the output port; 

an optical demultiplexer-multiplexer which 
demultiplexes the wavelength-multiplexed opti- 
cal signal from said optical circulator into a plu- 
rality of wavelength lights and multiplexes a 
plurality of wavelength lights into a wavelength- 
multiplexed optical signal; 
a plurality of optical transmission lines through 
which said demultiplexed plurality of wave- 
length lights to be output from said optical 
demultiplexer-multiplexer are separately trans- 
mitted; and 

a plurality of optical reflecting mirrors which 
reflect separately said demultiplexed plurality 
of wavelength lights transmitted through said 
plurality of optical transmission lines to turn 
them back. 

18. An optical signal repeating and amplifying device, 
according to claim 17, wherein: 



said optical demultiplexer-multiplexer is of array 
waveguide diffraction grating type or fiber-grat- 
ing type. 

5 19. An optical signal repeating and amplifying device, 
according to claim 1 7, wherein: 

said optical circulator includes an optical ampli- 
fier on the input port side or on the input-output 
10 port side. 

20. An optical signal repeating and amplifying device, 
according to claim 17, wherein: 

is said plurality of optical transmission lines are 

separately provided with an optical amplifier. 

21. An optical signal repeating and amplifying device, 
according to claim 19, wherein: 

20 

said optical amplifier is a semiconductor optical 
amplifier or an impurity-doped optical fiber 
amplifier. 

25 22. An optical signal repeating and amplifying device, 
according to claim 20, wherein: 

said optical amplifier is a semiconductor optical 
amplifier or an impurity-doped optical fiber 
30 amplifier. 

23. An optical signal repeating and amplifying device, 
according to claim 21, wherein: 

35 said impurity-doped optical fiber amplifier is a 

rare-earth-element-doped optical fiber ampli- 
fier. 

24. An optical signal repeating and amplifying device, 
40 according to claim 22, wherein: 

said impurity-doped optical fiber amplifier is a 
rare-earth-element-doped optical fiber ampli- 
fier. 

45 

25. An optical signal repeating and amplifying device, 
according to claim 23, wherein: 

said rare-earth-element-doped optical fiber 
so amplifier is an erbium-doped optical fiber 

amplifier, a neodymium-doped optical fiber 
amplifier, or a praseodymium-doped optical 
fiber amplifier. 

55 26. An optical signal repeating and amplifying device, 
according to claim 24, wherein: 

said rare-earth-element-doped optical fiber 
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amplifier is an erbium-doped optical fiber 
amplifier, a neodymium-doped optical fiber 
amplifier, or a praseodymium-doped optical 
fiber amplifier. 

27. An optical signal repeating and amplifying device, 
comprising: 

an optical demultiplexer-multiplexer which 
demultiplexes a wavelength-multiplexed optical 
signal into a plurality of wavelength lights and 
multiplexes a plurality of wavelength lights into 
a wavelength-multiplexed optical signal; 
a plurality of optical transmission lines through 
which said demultiplexed plurality of wave- 
length lights to be output from said optical 
demultiplexer-multiplexer are separately trans- 
mitted; and 

an optical dividing and coupling means through 
which each of said plurality of wavelength lights 
transmitted through each of said plurality of 
optical transmission lines is re-input to said 
optical demultiplexer-multiplexer while by-pass- 
ing a different one of said optica! transmission 
lines without overlapping with another wave- 
length light. 

28. An optical signal repeating and amplifying device, 
according to claim 27, wherein: 

said optical dividing and coupling means com- 
prises an optical divider and an optical trans- 
mission line which are disposed between any 
two of said plurality of optical transmission 
lines. 

29. An optical signal repeating and amplifying device, 
according to claim 27, wherein: 

said optical demultiplexer- multiplexer includes 
an optical amplifier on the input side or on the 
output side. 

30. An optical signal repeating and amplifying device, 
according to claim 27, wherein: 

said plurality of optical transmission lines are 
separately provided with an optical amplifier. 

31. An optical signal repeating and amplifying device, 
according to claim 29, wherein: 

said optical amplifier is a semiconductor optical 
amplifier or an impurity-doped optical fiber 
amplifier. 

32. An optical signal repeating and amplifying device, 
according to claim 30, wherein: 



said optical amplifier is a semiconductor optical 
amplifier or an impurity-doped optical fiber 
amplifier. 

5 33. An optical signal repeating and amplifying device, 
according to claim 31 , wherein: 

said impurity-doped optical fiber amplifier is a 
rare-earth-element-doped optical fiber ampli- 
fy fier. 

34. An optical signal repeating and amplifying device, 
according to claim 32, wherein: 

is said impurity-doped optical fiber amplifier is a 

rare-earth-element-doped optical fiber ampli- 
fier. 

35. An optical signal repeating and amplifying device, 
20 according to claim 33, wherein: 

said rare-earth-element-doped optical fiber 
amplifier is an erbium-doped optical fiber 
amplifier, a neodymium-doped optical fiber 
25 amplifier, or a praseodymium-doped optical 

fiber amplifier. 

36. An optical signal repeating and amplifying device, 
according to claim 34, wherein: 

30 

s aid rare-earth-element-doped optical fiber 
amplifier is an erbium-doped optical fiber 
amplifier, a neodymium-doped optical fiber 
amplifier, or a praseodymium-doped optical 
35 fiber amplifier. 

37. An optical signal repeating and amplifying device, 
according to claim 27, wherein: 

40 s aid optical demultiplexer-multiplexer is an array 
waveguide diffraction grating type or fiber-grat- 
ing type optical demultiplexer, optical multi- 
plexer, or optical demultiplexer-multiplexer. 

45 38. An optical signal repeating and amplifying device, 
comprising: 

a first optical demultiplexer-multiplexer which 
demultiplexes a wavelength-multiplexed optical 
so signal into a plurality of wavelength lights; 

a plurality of optical filters through which said 
plurality of wavelength lights from said first opti- 
cal demultiplexer-multiplexer are separately 
passed; and 

55 a second optical demultiplexer-multiplexer 

which multiplexes the optical signals passed 
through said plurality of optical filters into a 
wavelength-multiplexed optical signal and out- 
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puts it. 

39. An optical signal repeating and amplifying device, 
according to claim 38, wherein: 

said first optical demultiplexer-multiplexer 
includes an optical amplifier to amplify said 
wavelength-multiplexed optical signal on the 
input side. 

40. An optical signal repeating and amplifying device, 
according to claim 38, wherein: 

said second optical demultiplexer-multiplexer 
includes an optical amplifier to amplify said 
wavelength-multiplexed optical signal on the 
output side. 

41. An optical signal repeating and amplifying device, 
according to claim 38, wherein: 

said first and second optical demultiplexer-mul- 
tiplexers are an array waveguide diffraction 
grating type or fiber-grating type optical demul- 
tiplexer, optical multiplexer, or optical demulti- 
plexer-multiplexer. 

42. An optical signal repeating and amplifying device, 
according to claim 38, wherein: 

said plurality of optical filter are a band-pass 
optical filter in which a wavelength band 
desired to pass is set. 

43. An optical signal repeating and amplifying device, 
comprising: 

an optical divider which divides a wavelength- 
multiplexed optical signal into a plurality of 
lights; 

a plurality of optical filters through which said 
plurality of wavelength lights from said optical 
divider are separately passed; and 
an optical coupler which couples the optical 
signals passed through said plurality of optical 
filters into a wavelength-multiplexed optical sig- 
nal and outputs it. 

44. An optical signal repeating and amplifying device, 
according to claim 43, wherein: 

said optical divider includes an optical amplifier 
to amplify said wavelength-multiplexed optical 
signal on the input side. 

45. An optical signal repeating and amplifying device, 
according to claim 43, wherein: 
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said optical divider includes an optical amplifier 
to amplify said wavelength-multiplexed optical 
signal on the output side. 

46. An optical signal repeating and amplifying device, 
according to claim 43, wherein: 

said plurality of optical filter are a band-pass 
optical filter in which a wavelength band 
desired to pass is set. 

47. An optical signal repeating and amplifying device, 
comprising: 

an optical circulator through which a wave- 
length-multiplexed optical signal to be input to 
the input port is output from the input-output 
port and a wavelength-multiplexed optical sig- 
nal to be input to the input-output port is output 
from the output port; 

an optical demultiplexer-multiplexer which 
demultiplexes the wavelength-multiplexed opti- 
cal signal from said optical circulator into a plu- 
rality of wavelength lights and multiplexes a 
plurality of wavelength lights into a wavelength- 
multiplexed optical signal; 
a plurality of optical filters through which said 
demultiplexed plurality of wavelength lights to 
be output from said optical demultiplexer-multi- 
plexer are separately passed; and 
a plurality of optical reflecting mirrors which 
reflect separately said demultiplexed plurality 
of wavelength lights passed through said plu- 
rality of optical filters to turn them back. 

48. An optical signal repeating and amplifying device, 
according to claim 47, wherein: 

said optical circulator includes an optical ampli- 
fier to amplify the wavelength-multiplexed opti- 
cal signal on the input port side or on the input- 
output port side. 

49. An optical signal repeating and amplifying device, 
according to claim 47, wherein: 

said optical demultiplexer-multiplexer is of array 
waveguide diffraction grating type or fiber-grat- 
ing type. 

50. An optical signal repeating and amplifying device, 
according to claim 47, wherein: 

said plurality of optical filter are a band-pass 
optical filter in which a wavelength band 
desired to pass is set. 

51. An optical signal repeating and amplifying device, 
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according to claim 47, wherein: 

said plurality of optical filter are a bi-directional 
optical filter. 

52. An optical signal repeating and amplifying device, 
comprising: 

an optical circulator through which a wave- 
length-multiplexed optical signal to be input to 
the input port is output from the input-output 
port and a wavelength-multiplexed optical sig- 
nal to be input to the input-output port is output 
from the output port; 

an optical divider-coupler which divides the 
wavelength-multiplexed optical signal from said 
optical circulator into a plurality of lights and 
couples a plurality of lights into a wavelength- 
multiplexed optical signal; 
a plurality of optical filters through which said 
divided plurality of lights to be output from said 
optical divider-coupler are separately passed; 
and 

a plurality of optical reflecting mirrors which 
reflect separately said divided plurality of lights 
passed through said plurality of optical filters to 
turn them back. 

53. An optical signal repeating and amplifying device, 
according to claim 52, wherein: 

said optical circulator includes an optical ampli- 
fier to amplify the wavelength-multiplexed opti- 
cal signal on the input port side or on the input- 
output port side. 

54. An optical signal repeating and amplifying device, 
according to claim 52, wherein: 

said plurality of optical filter are a band-pass 
optical filter in which a wavelength band 
desired to pass is set. 

55. An optical signal repeating and amplifying device, 
according to claim 52, wherein: 

said plurality of optical filter are a bi-directional 
optical filter. 

56. An optical signal repeating and amplifying device, 
comprising: 

an optical divider-coupler which divides the 
wavelength-multiplexed optical signal from said 
optical circulator into a plurality of lights and 
couples a plurality of lights into a wavelength- 
multiplexed optical signal; 
a plurality of optical transmission lines which 



said divided plurality of lights to be output from 
said optical divider-coupler are separately 
transmitted; 

a plurality of optical filters through which said 
5 divided plurality of lights from said plurality of 

optical transmission lines are separately 
passed; and 

an optical dividing and coupling means through 
which each of said plurality of lights passed 
w through each of said plurality of optical filters is 

re-input to said optical divider-coupler while by- 
passing a different one of said optical transmis- 
sion lines without overlapping with another 
light. 

15 

57. An optical signal repeating and amplifying device, 
according to claim 56, wherein: 

said optical dividing and coupling means com- 
20 prises an optical divider and an optical trans- 

mission line which are disposed between any 
two of said plurality of optical transmission 
lines. 

25 58. An optical signal repeating and amplifying device, 
according to claim 56, wherein: 

said optical divider-coupler includes an optical 
amplifier on the input side or on the output side. 

30 

59. An optical signal repeating and amplifying device, 
according to claim 56, wherein: 

said plurality of optical filter are a band-pass 
35 optical filter in which a wavelength band 

desired to pass is set. 

60. An optical signal repeating and amplifying device, 
according to claim 56, wherein: 

40 

said plurality of optical filter are a bi-directional 
optical filter. 

61. An optical level adjusting device, comprising: 

45 

an optical demultiplexer which demultiplexes a 
wavelength-multiplexed optical signal into a 
plurality of wavelength lights; 
a plurality of optical attenuators which attenu- 
50 ate separately said demultiplexed plurality of 

wavelength lights to be output from said optical 
demultiplexer; and 

an optical multiplexer which multiplexes said 
attenuated wavelength lights to be output from 
55 said plurality of optical attenuators into a wave- 

length-multiplexed optical signal and output it. 

62. An optical level adjusting device, according to claim 
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61, wherein: 

said optical attenuators are an optical variable 
attenuator or an optical fixed attenuator. 

63. An optical level adjusting device, according to claim 
61 , wherein: 

said optical attenuators are separately dis- 
posed on a plurality of optical transmission 
lines which connect between said optical 
demultiplexer and said optical multiplexer to 
transmit separately said demultiplexed plurality 
of wavelength lights. 

64. An optical level adjusting device, according to claim 
61, wherein: 

said optical demultiplexer is of array waveguide 
diffraction grating type or fiber-grating type. 

65. An optical level adjusting device, according to claim 
61, wherein: 

said optical multiplexer is of array waveguide 
diffraction grating type or fiber-grating type. 

66. An optical level adjusting device, according to claim 
61 , wherein: 

said optical attenuators are replaced by optical 
amplifiers or include optical amplifiers to be in 
series connected thereto. 

67. An optical level adjusting device, comprising: 

an optical circulator through which a wave- 
length-multiplexed optical signal to be input to 
the input port is output from the input-output 
port and a wavelength-multiplexed optical sig- 
nal to be input to the input-output port is output 
from the output port; 

an optical demultiplexer-multiplexer which 
demultiplexes the wavelength-multiplexed opti- 
cal signal from said optical circulator into a plu- 
rality of wavelength lights and multiplexes a 
plurality of wavelength lights into a wavelength- 
multiplexed optical signal; 
a plurality of optical attenuators which attenu- 
ate separately said demultiplexed plurality of 
wavelength lights to be output from said optical 
demultiplexer-multiplexer; and 
a plurality of optical reflecting mirrors which 
reflect separately said attenuated plurality of 
wavelength lights passed through said plurality 
of optical attenuators to turn them back through 
said plurality of optical attenuators to said opti- 
cal demultiplexer-multiplexer. 



68. An optical level adjusting device, according to claim 
67, wherein: 

said optical demultiplexer-multiplexer is of array 
5 waveguide diffraction grating type or fiber-grat- 

ing type. 

69. An optical level adjusting device, according to claim 
67, wherein: 

10 

said optical attenuators are an optical variable 
attenuator or an optical fixed attenuator. 

70. An optical level adjusting device, according to claim 
is 67, wherein: 

said optical attenuators are replaced by optical 
amplifiers or include optical amplifiers to be in 
series connected thereto. 

20 

71. An optical level adjusting device, according to claim 
67, wherein: 

said optical attenuators are separately dis- 
25 posed on a plurality of optical transmission 

lines which connect between said optical 
demultiplexer-multiplexer and each of said opti- 
cal reflecting mirrors to transmit separately said 
demultiplexed plurality of wavelength lights. 

30 

72. An optical level adjusting device, comprising: 

an optical demultiplexer-multiplexer which 
demultiplexes a wavelength-multiplexed optical 

35 signal into a plurality of wavelength lights and 

multiplexes a plurality of wavelength lights into 
a wavelength-multiplexed optical signal; 
a plurality of optical transmission lines through 
which said demultiplexed plurality of wave- 

40 length lights to be output from said optical 

demultiplexer-multiplexer are separately trans- 
mitted; 

an optical dividing and coupling means through 
which each of said plurality of wavelength lights 
45 transmitted through each of said plurality of 

optical transmission lines is re-input to said 
optical demultiplexer-multiplexer while by-pass- 
ing a different one of said optical transmission 
lines without overlapping with another wave- 
so length light; and 

a plurality of optical attenuators which are dis- 
posed between any two of said optical trans- 
mission lines to attenuate separately said 
demultiplexed plurality of wavelength lights to 
55 be transmitted therebetween. 

73. An optical level adjusting device, according to claim 
72, wherein: 
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said optical demultiplexer-multiplexer is of array 
waveguide diffraction grating type or fiber-grat- 
ing type. 

74. An optical level adjusting device, according to claim 5 
72, wherein: 

said optical attenuators are an optical variable 
attenuator or an optical fixed attenuator. 

10 

75. An optical level adjusting device, according to claim 
72, wherein: 

said optical dividing and coupling means is an 
optical divider, an optical coupler or optical 15 
divider-coupler. 

76. An optical level adjusting device, according to claim 
72, wherein: 

20 

said optical attenuators are replaced by optical 
amplifiers. 

77. An optical signal repeating and amplifying device, 
comprising: 25 

a first optical demultiplexer- multiplexer which 
demultiplexes a wavelength-multiplexed optical 
signal to be input thereto into a plurality of dif- 
ferent wavelength lights; 30 
a plurality of optical amplifiers which amplify 
separately said demultiplexed plurality of differ- 
ent wavelength lights; and 
a second optical demultiplexer-multiplexer 
which multiplexes said amplified wavelength 35 
lights to be output from said plurality of optical 
amplifiers into a wavelength-multiplexed optical 
signal. 

78. An optical signal repeating and amplifying device, 40 
according to claim 77, wherein: 

said plurality of optical amplifiers are inserted 
into optical transmission lines to connect 
between said first and second optical demulti- 45 
plexer-multiplexers. 

79. An optical signal repeating and amplifying device, 
according to claim 77, wherein: 

50 

said plurality of optical amplifiers are a semi- 
conductor optical amplifier or an impurity- 
doped optical fiber amplifier. 

80. An optical signal repeating and amplifying device, 55 
according to claim 77, wherein: 

said first optical demultiplexer-multiplexer is an 



optical demultiplexer, and said second optical 
demultiplexer-multiplexer is an optical multi- 
plexer. 

81. An optical signal repeating and amplifying device, 
according to claim 77, wherein: 

said first and second optical demultiplexer-mul- 
tiplexers are of array waveguide diffraction grat- 
ing type. 

82. An optical signal repeating and amplifying device, 
according to claim 77, wherein: 

said first and second optical demultiplexer-mul- 
tiplexers are of fiber-grating type. 

83. An optical signal repeating and amplifying device, 
comprising: 

an optical circulator through which a wave- 
length-multiplexed optical signal to be input to 
the input port is output from the input-output 
port and a wavelength-multiplexed optical sig- 
nal to be input to the input-output port is output 
from the output port; 

an optical demultiplexer-multiplexer which 
demultiplexes the wavelength-multiplexed opti- 
cal signal from said optical circulator into a plu- 
rality of wavelength lights and multiplexes a 
plurality of wavelength lights into a wavelength- 
multiplexed optical signal; 
a plurality of optical amplifiers which amplify 
separately said demultiplexed plurality of differ- 
ent wavelength lights to be output from said 
optical demultiplexer-multiplexer; and 
a plurality of optical reflecting mirrors which 
reflect separately said plurality of wavelength 
lights to be output from said plurality of optical 
amplifiers to turn them back through said plu- 
rality of optical amplifiers to said optical demul- 
tiplexer-multiplexer. 

84. An optical signal repeating and amplifying device, 
according to claim 83, wherein: 

said optical demultiplexer-multiplexer is of array 
waveguide diffraction grating type. 

85. An optical signal repeating and amplifying device, 
according to claim 83, wherein: 

said optical demultiplexer-multiplexer is of 
fiber-grating type. 

86. An optical signal repeating and amplifying device, 
according to claim 85, wherein: 
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said fiber-grating type optical demultiplexer- 
multiplexer comprises a fiber grating disposed 
on an optical transmission line, and an optical 
circulator disposed on the optical transmission 
line, said optical circulator inputting and output- 
ting selectively an optical signal from said fiber 
grating or an optical signal to said fiber grating. 

87. An optical signal repeating and amplifying device, 
according to claim 83, wherein: 

said plurality of optical amplifiers are inserted 
into optical transmission lines to connect 
between said optical demultiplexer-multiplexer 
and said plurality of optical reflecting mirrors. 

88. An optical signal repeating and amplifying device, 
according to claim 83, wherein: 

said plurality of optical amplifiers are a semi- 
conductor optical amplifier or an impurity- 
doped optical fiber amplifier. 

89. An optical signal repeating and amplifying device, 
according to claim 88, wherein: 

said impurity-doped optical fiber amplifier is a 
rare-earth-element-doped optical fiber ampli- 
fier. 

90. An optical signal repeating and amplifying device, 
according to claim 84, wherein: 

said rare-earth-element-doped optical fiber 
amplifier is an erbium-doped optical fiber 
amplifier, a neodymium-doped optical fiber 
amplifier, or a praseodymium-doped optical 
fiber amplifier. 

91. An optical signal repeating and amplifying device, 
comprising: 

an optical demultiplexer-multiplexer which 
demultiplexes the wavelength-multiplexed opti- 
cal signal to be input thereto into a plurality of 
wavelength lights and multiplexes a plurality of 
wavelength lights into a wavelength-multi- 
plexed optical signal; 

a plurality of first optical transmission lines 

which are connected with the input-output 

ports on the demultiplex side of said optical 

demultiplexer-multiplexer; 

a plurality of optical divider-couplers which are 

connected to the ends of said plurality of first 

optical transmission lines; 

a plurality of second optical transmission lines 

which connect between different two of said 

plurality of optical divider-couplers, the con- 



necting not to be in parallel to another connect- 
ing; and 

a plurality of bi-directional optical amplifiers 
which are inserted into said plurality of second 
5 optical transmission lines and amplify an opti- 

cal signal to transmit therethrough. 

92. An optical signal repeating and amplifying device, 
according to claim 91 , wherein: 

10 

said plurality of second optical transmission 
lines are separately provided with an optical 
isolator. 

is 93. An optical signal repeating and amplifying device, 
according to claim 91 , wherein: 

said plurality of optical amplifiers are a semi- 
conductor optical amplifier or an impurity- 
20 doped optical fiber amplifier. 

94. An optical signal repeating and amplifying device, 
according to claim 93, wherein: 

25 said impurity-doped optical fiber amplifier is a 

rare-earth-element-doped optical fiber ampli- 
fier. 

95. An optical signal repeating and amplifying device, 
30 according to claim 94, wherein: 

said rare-earth-element-doped optical fiber 
amplifier is an erbium-doped optical fiber 
amplifier, a neodymium-doped optical fiber 
35 amplifier, or a praseodymium-doped optical 

fiber amplifier. 

96. An optical signal repeating and amplifying device, 
according to claim 91 , wherein: 

40 

said optical demultiplexer-multiplexer is of array 
waveguide diffraction grating type. 

97. An optical signal repeating and amplifying device, 
45 according to claim 91 , wherein: 

said optical demultiplexer-multiplexer is of 
fiber-grating type. 

so 9a An optical level adjusting device, comprising: 

a first optical demultiplexer-multiplexer which 
demultiplexes a wavelength-multiplexed optical 
signal to be input thereto into a plurality of dif- 
55 ferent wavelength lights; 

a plurality of optical amplifiers which amplify 
separately said demultiplexed plurality of differ- 
ent wavelength lights; and 
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a second optical demultiplexer-multiplexer 
which multiplexes said amplified wavelength 
lights to be output from said plurality of optical 
amplifiers into a wavelength-multiplexed optical 
signal; and 

means for controlling separately the gain of 
said plurality of optical amplifiers. 

99. An optical level adjusting device, according to claim 
98, wherein: 



103. An optical level adjusting device, according to claim 
98, wherein: 

said first and second optical demultiplexer-mul- 
tiplexers are of fiber-grating type. 



10 



said plurality of optical amplifiers are inserted 
into optical transmission lines to connect 
between said first and second optical demulti- 
plexer-multiplexers. 15 

100. An optical level adjusting device, according to claim 
98, wherein: 

said plurality of optical amplifiers are a semi- 20 
conductor optical amplifier or an impurity- 
doped optical fiber amplifier. 

101 .An optical level adjusting device, according to claim 
98, wherein: 25 

said first optical demultiplexer-multiplexer is an 
optical demultiplexer, and said second optical 
demultiplexer-multiplexer is an optical multi- 
plexer. 30 

102. An optical level adjusting device, according to claim 
98, wherein: 

said first and second optical demultiplexer-mul- 35 
tiplexers are of array waveguide diffraction grat- 
ing type. 



40 



from the output port; 

an optical demultiplexer-multiplexer which 
demultiplexes the wavelength-multiplexed opti- 
cal signal from said optical circulator into a plu- 
rality of wavelength lights and multiplexes a 
plurality of wavelength lights into a wavelength- 
multiplexed optical signal; 
a plurality of bi-directional optical amplifiers 
which amplify separately said demultiplexed 
plurality of different wavelength lights to be out- 
put from said optical demultiplexer-multiplexer; 
a plurality of optical reflecting mirrors which 
reflect separately said plurality of wavelength 
lights to be output from said plurality of optical 
amplifiers to turn them back through said plu- 
rality of optical amplifiers to said optical demul- 
tiplexer-multiplexer. 

means for controlling separately either the gain 
of said plurality of optical amplifiers or the 
reflectivity of said plurality of optical reflecting 
mirrors. 

106. An optical level adjusting device, according to claim 
105, wherein: 

said plurality of optical amplifiers are inserted 
into optical transmission lines to connect 
between said optical demultiplexer-multiplexer 
and said plurality of optical reflecting mirrors. 

107. An optical level adjusting device, according to claim 
105, wherein: 

said plurality of optical amplifiers are a semi- 
conductor optical amplifier or an impurity- 
doped optical fiber amplifier. 

108. An optical level adjusting device, according to claim 
107, wherein: 

said impurity-doped optical fiber amplifier is a 
rare-earth-element-doped optical fiber ampli- 
fier. 



104. An optical level adjusting device, according to claim 
98, wherein: 



45 1 09. An optical level adjusting device, according to claim 
108, wherein: 



said optical amplifiers are replaced by optical 
attenuators or include optical attenuators to be 
in series connected thereto. so 

105. An optical level adjusting device, comprising: 



aid rare-earth-element-doped optical fiber 
amplifier is an erbium-doped optical fiber 
amplifier, a neodymium<foped optical fiber 
amplifier, or a praseodymium-doped optical 
fiber amplifier. 



an optical circulator through which a wave- 
length-multiplexed optical signal to be input to 
the input port is output from the input-output 
port and a wavelength-multiplexed optical sig- 
nal to be input to the input-output port is output 



1 10. An optical level adjusting device, according to claim 
55 105, wherein: 

said optical amplifiers are replaced by optical 
attenuators or include optical attenuators to be 
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in series connected thereto. 

11 1 .An optical level adjusting device, according to claim 
105, wherein: 

said first and second optical demultiplexer-mul- 
tiplexers are of array waveguide diffraction grat- 
ing type. 

112. An optical level adjusting device, according to claim 
105, wherein: 

said first and second optical demultiplexer-mul- 
tiplexers are of fiber-grating type. 

11 3. An optical level adjusting device, comprising: 

an optical demultiplexer-multiplexer which 
demultiplexes the wavelength-multiplexed opti- 
cal signal to be input thereto into a plurality of 
wavelength lights and multiplexes a plurality of 
wavelength lights into a wavelength-multi- 
plexed optical signal; 

a plurality of first optical transmission lines 
which are connected with the input-output 
ports on the demultiplex side of said optical 
demultiplexer-multiplexer; 
a plurality of optical divider-couplers which are 
connected to the ends of said plurality of first 
optical transmission lines; 
a plurality of second optical transmission lines 
which connect between different two of said 
plurality of optical divider-couplers, the con- 
necting not to be in parallel to another connect- 
ing; 

a plurality of bi-directional optical amplifiers 
which are inserted into said plurality of second 
optical transmission lines and amplify an opti- 
cal signal to transmit therethrough; and 
means for controlling separately the gain of 
said plurality of bi-directional optical amplifiers. 



said impurity-doped optical fiber amplifier is a 
rare-earth-element-doped optical fiber ampli- 
fier. 

5 1 17. An optical level adjusting device, according to claim 
117, wherein: 

said rare-earth-element-doped optical fiber 
amplifier is an erbium-doped optical fiber 
w amplifier, a neodymium-doped optical fiber 

amplifier, or a praseodymium-doped optical 
fiber amplifier. 

1 18. An optical level adjusting device, according to claim 
15 113, wherein: 

said optical demultiplexer-multiplexer is of array 
waveguide diffraction grating type. 

20 11 9. An optical level adjusting device, according to claim 
113, wherein: 

said optical demultiplexer-multiplexer is of 
fiber-grating type. 
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120.An optical level adjusting device, according to claim 
113, wherein: 

said optical amplifiers are replaced by optical 
attenuators or include optical attenuators to be 
in series connected thereto. 



114.An optical level adjusting device, according to claim 
113, wherein: 

said plurality of second optical transmission 
lines are separately provided with an optical 
isolator. 



1 1 5. An optical level adjusting device, according to claim so 
113, wherein: 



said plurality of optical amplifiers are a semi- 
conductor optical amplifier or an impurity- 
doped optical fiber amplifier. 55 



11 6. An optical level adjusting device, according to claim 
116, wherein: 
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